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PREFACE 

The  present  volume  is  a  memoir  on  the  human  heart.  It  was  originally- 
intended  that  Part  III.  of  Volume  IV.  of  the  present  edition  of  this 
work  should  embrace  the  whole  subject  of  Angiology.  On  mature 
consideration,  however,  it  was  decided  that  there  was  nothing  so  novel 
in  the  descriptive  accounts  of  the  arteries  and  veins  as  to  justify  the 
issue  of  Part  III.  as  designed,  in  view  of  the  necessarily  limited  demand 
for  a  book  on  this  scale.  It  seemed  different  as  regards  the  heart.  Much 
new  work  has  been  done  on  the  anatomy  of  the  heart,  and  in  certain  of 
its  aspects  the  subject  is  of  importance  to  the  physician  as  well  as  to 
the  anatomist.  It  was  determ.ined,  therefore,  that  the  chapter  on  the 
heart,  which  was  undertaken  by  Professor  W'almsley,  should  be  issued  in 
somewhat  altered  form  as  an  independent  monograph,  and  that  the 
remaining  sections  should  be  dropped.  The  section  on  the  lymphatics, 
which  was  written  by  Professor  D.  M.  Blair,  will  appear  elsewhere. 

This  volume  will  therefore  bring  the  present  edition  to  a  close,  and 
it  is  the  hope  of  the  undersigned  that  it  will  prove  of  value  to  the 
clinician  as  well  as  to  the  anatomist,  both  for  the  information  made 
available  for  reference,  and  for  the  accounts  furnished  by  the  author  of 
the  genetic  system,  the  vascular  arrangements,  and  other  important 
topics.  It  is  also  hoped  that  the  bibliography  will  be  useful  to  workers 
on  the  subject. 

Cordial  acknowledgments  are  due  to  Miss  M.  E.  Rea  for  many 
excellent  drawings,  for  the  secretarial  assistance  w^hich  greatly  facilitated 
the  production  of  the  work,  and  for  the  preparation  of  the  Index. 

THOMAS  H.  BRYCE. 
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THE  HEART 


THE   STRUCTURE   OF  THE   HEART 


INTRODUCTION 

The  function  of  the  circulatory  system  is  to  distribute  the  blood  to  the  individual 
parts  of  the  body  and  there  to  bring  it  into  such  relation  with  the  elements  of  the 
parts  that  they  may  gain  from  it  the  substances  necessary  for  their  function, 
especially  the  required  supply  of  oxygen,  and  discharge  into  it  the  products  of 
their  activity.  The  blood  remains,  however,  in  its  whole  course  from  the  heart 
to  the  tissues  of  the  body  and  from  the  tissues  back  to  the  heart  within  a  closed 
system  of  vessels,  those  which  carry  it  from  the  heart  being  named  arteries,  and 
those  which  return  it  to  the  heart  being  named  veins ;  while  between  the  arteries 
and  the  veins  the  blood  flows  through  the  system  of  capillary  vessels,  a  close 
network  of  hair-like  tubes,  which  distribute  it  among  the  elements  of  the  tissues. 
The  circulatory  system,  then,  consists  of  a  central  propelling  organ,  the  heart, 
and  a  series  of  vessels  leading  to  and  from  the  peripheral  parts.  It  requires  to  be 
emphasised,  however,  even  in  an  anatomical  description,  that  though  the  heart 
is  the  motive  power  it  is  not  the  whole  mechanism  of  the  circulatory  system  and 
the  vessels  merely  inert  tubes;  the  vessels  have  mechanisms  of  their  o\vn,  and 
these  may  be  active  in  extremely  localised  areas  of  the  body  and  with  such  effect 
as  not  only  to  influence  the  normal  functions  of  the  part  but  even  to  determine 
pathological  changes  in  its  structure. 

The  general  plan  of  the  vascular  system  is  shown  in  fig.  1 .  In  it  tv/o  great  arteries 
are  seen  to  leave  the  heart,  the  one,  the  pulmonary  aorta  (p. a),  usually  named 
the  pulmonary  artery,  and  the  other,  the  systemic  aorta  (a),  usually  named 
simply  the  aorta.  The  pulmonary  artery  divides  into  the  right  and  left  pulmonary 
arteries  which  distribute  the  blood  to  the  capillary  systems  of  the  lungs  (l,  l)  ; 
from  these  systems  the  blood  is  returned  to  the  heart  by  the  pulmonary  veins 
{V,  v).  There  is  thus  formed,  by  these  vessels  and  the  chambers  of  the  heart  from 
which  the  pulmonary  artery  arises  and  into  which  the  pulmonary  veins  return, 
a  pulmonary  circulation  which  is  complete  in  itself.  The  systemic  aorta  gives 
off  a  large  number  of  branches  which  distribute  the  blood  to  the  capillar)^  systems 
of  all  the  other  parts  of  the  body.^  The  first  branches  (b.c)  are  distributed  to 
the  head  and  neck  and  the  upper  limbs,  and  the  blood  they  carry,  after  passing 
through  the  capillary  systems  of  these  parts,  is  returned  to  the  heart  by  the  superior 
vena  cava  (s.c).  The  aorta  then  passes  downwards  through  the  thorax  into  the 
abdomen  and  supplies  branches  to  the  walls  of  this  cavity  and  to  the  viscera 


^  There  also  arise  from  the  aorta  or  its  branches  small  arteries  which  are  distrii)uted  to  the 
lungs ;    but  for  the  present  discussion  these  are  omitted. 
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conlaincd  in  it,  and  ends  in  vessels  which  proceed  to  the  pelvis  (i)  and  to  th. 
lower  limbs  (k)  ;   and  the  blood  which  is  carried  in  these  branches  is  returned  to 
the  heart  by  the  inferior  vena  cava  (i.r).    The  systemic  aorta  and  the  two  vena 
cava^  anil  the  clianil)cr.>>  ot  the  heart  with  which  they  arc  mnnccted  thus  form  a 


s.c. 


l) 


H.C. 


FlO.    1.— A  SCHEME  OF   THE  VASCULAR   SYSTEM.      (After   BeNNINGHOVEN.) 
The  explanation  is  in  the  text. 


systemic    circulation    \vlii(  h    is    distinct    and    separate    from    the    puhnonaiN 
circulation. 

The  superior  and  iiii(.ri<ir  ven*  cava?  enter  the  same  chainl  er  of  tlic  heart  wliich  has,  thcio 
fore,  Jour  chambers;  namely,  the  right  ventricle  from  which  arises  the  pulmonary  artery,  tin 
left  atrium  which  receives  the  pulmonan,*  veins,  the  left  ventricle  from  which  arises  the  aorta, 
and  the  right  atrium  which  receives  the  two  vcnte  cavse  (fig.  1). 
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One  part  of  the  systemic  circulation,  that  of  the  abdominal  alimentary  viscera, 
requires  to  be  specially  mentioned.  It  will  be  noted  (fig.  1)  that  the 
arteries  distributed  to  these  viscera  (m,  m,  m)  terminate  in  capillary  systems  in 
the  usual  manner,  but  the  veins  which  arise  from  these  systems  (p)  do  not  directly 
join  the  inferior  vena  cava  but  end  in  a  common  trunk,  the  portal  vein,  which 
passes  to  a  further  capillary  system  in  the  liver  (h)  ;  and  from  this  system  veins 
pass  to  the  inferior  vena  cava.  This  part  of  the  systemic  circulation,  which  begins 
and  ends  in  capillary  systems,  is  known  as  the  entero-hepatic  or  portal 
circulation. 

A  portal  system  is  said  to  be  formed  when  a  vein  arising  from  the  capillaries  of  a  part 
instead  of  uniting  with  other  veins  and  proceeding  towards  the  heart  breaks  np  into  a  second 
.set  of  capillaries  in  another  organ.  The  particular  example  described  above  is  therefore  the 
hepatic  portal  system,  but  other  portal  systems  may  exist,  for  example,  the  renal  portal  system 
in  the  majority  of  fishes. 

There  remains  to  be  mentioned  as  part  of  the  circulatory  system  another  system 
of  vessels,  the  lymph  vessels,  which  contain  the  lymph,  a  fluid  which  permeates 
all  the  tissues  and  is  present  in  various  spaces  in  the  body.  The  lymph  vessels 
begin,  like  the  veins,  in  networks  of  capillaries,  and  in  their  course  towards  the 
heart  unite  with  one  another  to  form  larger  trunks.  The  further  course  of  these 
trunks  is  interrupted  by  one  or  more  series  of  lymph  glands,  through  which  the 
lymph  is  filtered;  but  having  emerged  from  these  glands,  the  lymph  vessels 
ultimately  join  with  one  another  to  form  three  or  four  large  trunks  which  open 
into  the  systemic  veins,  chiefly  the  branches  of  the  superior  cava,  not  far  from 
the  heart. 

There  will  be  considered  in  this  volume  the  descriptive  anatomy  of  the  heart 
and  of  the  principal  blood  vessels  and  lymph  vessels  which  are  distributed  to  it. 
The  account  of  the  minute  structure  of  the  heart  is  given  in  Vol.  II.,  Part  I.,  which 
treats  of  "  General  Anatomy,"  while  its  development  is  considered  in  Vol.  I. 
Much  work  has  been  done  in  recent  years  on  the  structural  details  of  the  heart, 
and  to  appreciate  its  bearing  some  knowledge  of  the  comparative  anatomy  and 
development  of  the  organ  is  necessary.  A  summary  account  of  the  relevant 
data  yielded  by  comparative  anatomy  and  by  embryology  will  therefore  be  given 
by  way  of  introduction  to  the  description  of  the  human  heart. 
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The  heart  is  a  rhythmically  contractile  muscular  organ  which,  during  the 
intervals  between  its  contractions,  receives  in  its  atrial  chambers  blood  from  the 
veins ;  and  these  chambers,  having  been  filled,  contract  and  the  blood  passes  into 
the  ventricles,  which  contracting  in  their  turn  project  the  blood  into  and  along 
the  arteries. 

The  most  primitive  heart  is  tubular  in  shape  and  contracts  in  peristaltic  waves 
from  behind  forwards.  The  heart  in  many  of  the  Annelida,  for  example,  is  of 
this  form,  and  is  indeed  but  a  short  expanded  part  at  the  anterior  end  of  the  dorsal 
blood  vessel.  In  its  wall  there  are  smooth  muscle  fibres  in  the  form  of  arched 
rings ;  these  fibres  contract  successively,  fibre  after  fibre,  in  such  a  way  that  the 
movement  of  the  tube  resembles  the  peristaltic  movement  of  the  gut.  The  hearts 
of  adult  Arthropoda,  which  are  well-defined  structures  of  specialised  form,  contain 
striped  muscle ;  in  some  species  (in  many  Insecta)  the  contraction  consists  of  a 
slow  peristaltic  wave,  while  in  others  (in  most  Crustacea)  the  whole  heart  contracts 
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simultaneously.  The  cmbnonic  heart  of  the  Arthropoda,  however,  resembles  the 
hfart  of  worms.  (Much  attention  is  now  being  given  to  the  heart  of  invertebrates  ; 
a  review  of  the  recent  literature  is  given  by  Clark.*) 

In  Aviphioxus  there  is  no  definitive  heart.  The  larger  blood  vessels,  however, 
have  peristaltic  contractile  movements,  and  the  sub-pharyngcal  vessel  corresponds 
to  the  heart  and  ventral  aorta  of  the  Craniata ;  it  receives  behind  the  hepatic  vein 
from  the  hepatic  cacum  and  gives  off  along  its  course  branches  to  the  primary 
phar}-ngcal  bars. 

The  heart  of  the  Craniata  is  thus  the  hinder  jnirt  of  the  sub-pharyngeal  vessel, 
the  wall  of  which  has  become  highly  mu.scular  to  propel  the  blood  through  the 
respirator)-  apparatus.  In  all  the  Craniata,  however,  the  simple  tubular  heart 
is  divided  transversely  to  its  long  axis  into  four  successive  chambers,  which  from 
behind  forwards  are  named  sinus  venosus.  atrium,  ventricle,  and  bulbus 
cordis.  In  Anitnoioe/cs,  the  larval  form  of  the  lamprey  {Pt/romyzon),  the  heart 
i.s  so  formed  (fig.  2) ;  the  sinus  venosus  receives  the  portal  blood  from  the  liver, 
and  from  the  bulbus  cordis  the  ventral  aorta  passes  fonvards  to  di.stribute  the  blood 
to  the  branchial  chambers.  There  is  sometimes  mentioned  as  a  fifth  segment  of 
the  heart  the  atrial  canal,  a  short  narrow  cylindrical  passage  between  the  atrium 
and  the  ventricle,  which  though  not  distinguishable  in  the  adult  can  be  seen  in 

the  embr}'onic  heart ;  as  the  heart 
develops  the  atrial  canal  becomes 
surrounded  by  the  backward  growth 
of  the  ventricle  towards  the  atrium, 
so  that  it  is,  as  it  were,  invaginated 
into  the  ventricle  and  lies  on  its  inner 

_,      „     _  ,  ,    .„.^  surface    outside    the    atrio-ventricular 

Fig.  2.— The  heart  of  Ammocates  in  LONGI-  /^       r      i  i  ^^^       -^       ■, 

TLPiNAi.  SECTION.    (After  Keith.)  valvcs.     (Scc  further,      Tlic  Develop- 

ment of  the  Atrio-ventricular  Valves.") 
The  constricted  parts  between  the  successive  chambers,  however,  are  to  be  looked 
on  as  sphincteric  in  function,  closing  the  openings  between  the  chambers ;  and 
the  atrial  canal  is  the  best-developed  sphincter.  The  distal  part  of  the  bulbus 
cordis  is  of  the  same  nature.  (See  further,  "  The  Morpholog>-  of  the  Connecting 
Mu.sculature.") 

In  its  further  evolution,  and  associated  with  changes  in  the  respiratory  apparatus, 
the  heart  undergoes  a  division  parallel  to  its  long  axis  into  bilateral  halves,  so 
that  within  it  the  pulmonary  and  general  body  (systemic)  circulations  are  separated 
from  one  another.  This  division  affects  the  second,  third,  and  fourth  parts  of  the 
tubular  heart,  but  not  the  sinus  venosus  (see  p.  37),  and  can  be  followed  gradually 
in  its  .successive  stages  through  the  vertebrate  series  until  it  reaches  its  completion 
in  the  birds  and  the  mammals ;  and  in  the  development  of  the  human  heart  these 
phylogenctic  processes  of  division  can  be  followed  with  considerable  fulness. 

Fishes. — The  heart  in  fishes  is  a  simple  tubular  structure  divided  into  the  four 
primar)-  parts,  sinus  venosus,  atrium,  ventricle,  and  bulbus  cordis  (fig.  3).  The 
sinus  is  the  most  posterior  part.  It  collects  the  blood  from  the  veins  of  the  whole 
body  and  to  the  continuous  flow  of  this  stream  it  acts  as  a  block  ;  for  the  forward 
movement  of  the  blood  from  it  into  the  atrium  is  discontinuous  and  is  the  result 
of  its  contractions.  The  contraction  of  the  heart  in  fishes  begins,  therefore,  in 
the  sinus ;  and  this  is  of  great  significance,  for  the  sinus  remains  the  initiator)- 
area  of  cardiac  contraction  in  all  the  higher  vertebrates  even  when  it  has  lost  its 
independence  as  a  separate  chamber.    The  wall  of  the  sinus  in  fishes,  it  should 


'  The  works  of  the  authorities  cited  arc  given  in  the  list  at  the  end  of  the  volume. 
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be  mentioned,  is  composed  for  the  most  part  of  fibrous  and  elastic  tissues,  only 
a  few  muscle  fibres  being  interspersed.      (See  further,   "  The  Morphology  of  the 
Connecting  Musculature.")    Chromaffin  cells  have  been  described  in  the  dorsal 
part  of  the  sinus   in   Cyclostomata  between  the  myocardium  and  endocardium 
(GiACOMiNi,  Monit.  Zool.  Ital.,  ann.  13,  1902).    The  opening  of  the  sinus  into 
the  atrium  is  generally  transverse  to  the  long  axis  of  the  heart ;    it  is  guarded  by 
a  valve  of  two  cusps,  the  sinus  or  venous  valve.    The  atrium  is  a  comparatively 
thin-walled  chamber,  expanded  laterally  in  the  form  of  appendices.    The  opening 
from  it  into  the  ventricle,  the  atrio-ventricular  opening,  is  guarded  by  an  atrio- 
ventricular valve   v/hich,   primarily,   consists  of  two  cusps ;    these  are  of  the 
semilunar  type  and  without  chordae  tendinese  or  papillary  muscles.    The  ventricle 
is  characterised  by  its  thick  muscular  wall,  for  it  is  the  essential  propulsatory 
chamber  of  the  heart;   the  muscle  fibres,  as  in  all  vertebrates,  have  cross  striations 
and  anastomose  with  one  another.    In 
fishes  generally,  the  ventricular  muscle 
is  in  the  form  of  a  fine  trabecular  net- 
work,  on   the    superficial    surface    of 
which  there  is  a  thin  layer  of  compact 
cortical  muscle  (fig.  4).    This  condition 
of  the  musculature  of  the  ventricular 
wall  is  of  interest,  for  it  appears  to  be 
the  primitive  one ;    in   Amphibia   the 
condition  is  somewhat  similar,  but  in 
reptiles    the    cortical    musculature    is 
relatively  increased  and  the  trabecular 
formation  diminished ;    and   in  mam- 
mals the  amount  of  the  cortical  muscle 
is  very  much  greater  and  the  trabecular 
network  is  reduced  to  a  comparatively 
narrow  strip  of  the  whole  thickness  of 
the  wall.      By  the  contraction  of  the 
ventricle  the  blood  in  it  is  thrown  into 
the  bulbus  cordis.      This  part  of  the 
heart  varies  very  much  in  its  size  and 
form  in  the  different  classes  of  fishes, 
and  as  there  is  still  a  rather  imperfect 
knowledge  of  its  developmental  history 
some  confusion  prevails  in  its  nomen- 
clature .  (Langer,   Gegenbauer,   Greil,   Graham    Kerr).     The  names   which 
have  been  used  for  it  are  conus  arteriosus,  bulbus  arteriosus,  truncus  arteriosus, 
and  bulbus  cordis.    Conus  arteriosus,  however,  is  now  used  in  human  anatomy 
for  a  definite  part  of  the  right  ventricle   (p.  50).     Truncus  arteriosus  is  the 
name  now  usually  applied  in  human  embryology  to  that  part  of  the  common 
ventral    vessel  from  which  the  pulmonary  aorta  and  the  proximal  part  of  the 
systemic  aorta  are  derived  and  the  structure  of  whose  wall,  from  the  beginning, 
is  that  of  a  vessel .     In  the  Teleostei  this  section  of  the  ventral  vessel  is  enlarged 
and    its    wall    is    thickened    by    a    great    development    of    smooth    muscle   and 
elastic  tissue  fibres,  but  it  is  entirely  free  of  cardiac  muscle ;   the  name  bulbus 
arteriosus  is  then  used  for  it  (fig.  3).      The  name  bulbus  cordis  is  thus  the 
most  suitable  to  be  applied  to  that  region  which  is  the  most  distal  part  of  the 
heart  and  which  yet  forms  the  most  proximal  part  of  the  exit  tube  from  the  heart ; 
and  it  is  to  be  considered  a  cardiac  chamber,  for  in  its  interior  it  carries  the  bulbar 


Fig.  S.^Lgngitudinal  sections,  diagram- 
m.\tic,  of  the  heart  of  (a)  an  elas- 
mobranch  fish,  with  well-developed 
bulbus  cordis,  and  (b)  a  teleostean 
fish,  with  reduced  bulbus  cordis  and 
well  developed  bulbus  arteriosus. 
Cardiac  muscle  is  present  in  the  parts  in 
solid  black.     (After  Boas.) 

A.,  atrium;  B.,  bulbus  cordis;  B.A.,  bulbus 
arteriosus ;  S.V.,  sinus  venosus  ;  V.,  ventricle ; 
X.,  valves. 


C,  (()Ml'Ak\ri\l      WMOMY    OK    TMK    UKART 

valvi-»  ami  in  its  wall  iIktc  is  cardiac  muscle.  It  is  present  in  all  vertfbrale 
cmhr>-os.  I)ui  in  most  forms  it  undergoes  an  ontological  retrogression  through  the 
absorption  of  its  proximal  part  into  the  ventricle  and  of  its  distal  part  into  the 
triinrus  arteriosus  ;  it  remains  persistent  as  a  clearly  separable  chamh<  r  of  tlic  heart 
onlv  in  Klasmobranchii,  Ganoids,  Dipnoi,  and  Amphibia.  The  bulbar  valves 
are  arranged  in  horizontal  rows  and  are  most  numerous  in  Klasmobranchii  and 
(Janoids ;  there  is  a  temlency,  however,  for  the  more  posterior  valves  to  disappear 
and  in  the  vast  majority  of  Teleostei  only  those  of  the  most  anterior  row  remain, 
for  in  the  Teleostei  the  bulbus  cordis  has  undergone  reduction  (fig.  3).* 

The  future  division  into  pulmonar)-  and  systemic  hearts  is  foreshadowed  in  the 
fish  heart,  for  frequently  the  vein  of  the  swim  bladder  opens  separately  into  the  sinus 
venosus ;  and  in  the  Dipnoan  heart  the  opening  of  the  vein  from  the  lung  is  foimd 
in  the  roof  of  the  atrium  entirely  separated  from  that  of  the  sinus.  Here  also  the 
atrium  is  partially  divided  into  right  and  left  chambers  by  an  incomplete  .septum 
which  is  formed  in  part  by  the  cusps  of  the  sinus  valve.  In  Lepidosiren  there  is 
also  an   incomplete  ventricular  septum.    The   bulbus  cordis   is   spirally  twisted 

and   is   subdivided    into   two  tubes  by  an 
Cortical  layer.  incomplete  septum,  formed  by  a  fusion  of 

the  bulbar  valves  (Rose).    There  are  thus 
formed   in  the   Dipnoi   two  parallel    series 

Trabfcular  laver.  ^^^'  ^  .•  i-  \,        \^  ruu  u-. 

^^  ot   cardiac  chambers,  oi   which  one  has  its 

origin  behind  in  the  sinus  venosus  and 
transmits  venous  blood  to  the  posterior  I 
branchial  vessels,  while  tlie  other  com- 
mencing with  the  left  atrium  convey-^ 
arterial  pulmonary  blood  to  the  two 
anterior  pairs  of  branchial  vessels. 
Fir..  4.— Tr.vnsvf-rse  section  of  thk  Amphibia.— The  cavitv  of  the  atrium  ' 

VKNTRici.E    OK    THE    COD.    AFTER     ^f   ^^c    amphibian    heart  'is   divided    into 

PROI.ONOKD    FIXATION.  .     ,   ^  j      1     r.  .v.  .L- 

right    and    left    parts    by   a    thin    septum. 

This  is  attached  to  the  roof  and  po.sterior 
wall  of  the  atrium,  Ijut  it  ends  below  over  the  common  atrio-ventricular  opening 
in  a  free  arched  lx)rder.  The  septum  is  thus  incomplete,  but  it  seems  to  vary 
considerably  in  size  even  in  the  .same  species  (at  least  in  Ratio  esculenta  and  R, 
temporarid) ;  in  some  forms  and  especially  when  it  is  most  complete  (Salamander) 
the  upper  part  of  it  is  perforated.  The  sinus  venosus,  collecting  the  veins  of  the 
systemic  circulatiim,  opens  into  the  right  atrium,  the  opening  being  guarded  by 
the  sinus  valve  of  two  rusps,  while  in  the  left  atrium  there  is  the  unguarded  opening 
of  the  pulmonary  vein  ;  this  vein  runs  over  the  middle  of  the  sinus  and  enters 
the  atrium  close  to  the  left  side  of  the  septum.  The  blood  from  Ixjth  atria  passes 
through  the  common  atrio-ventricular  opening  into  the  left  side  of  the  common 
ventricle,  the  opening  being  guarded  by  a  valve  of  two  considerable  cusps  which 
are  le.ss  membranous  than  in  fishes  and  are  attached  to  th<'  ventricular  wall  by 
cords.  The  mixing  of  the  two  streams  in  the  ventricle  is  greatly  hindered  by  the 
trabecular  formation  of  its  mus^-ulature  and  the  almost  aivemous-Iike  condition 
of  its  cavity.  The  trabeculation  is  evenly  arranged  in  the  lower  Amphibia,  but 
in  some  of  the  higher  forms,  for  example,  in  the  frog,  owing  to  differences  in  the 
density  of  the  trabeculation  the  right  side  of  the  ventricle  appears  darker  than  the 


*  In  certain  of  the  Teleostei  (Albulidse)  the  hun)us  is  visible  from  the  exterior  of  the  heart 
and  there  are  t^-o  rows  of  valves  in  it.  (IV>.\s  ;  Smith,  Anat.  Record,  vol.  xv.,  1919.)  Parsons 
(Brit.  Assoc.,  19281  has  shown  that  the  bulbus  arteriosus  is  intra-pericardial  in  position. 
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left  when  the  heart  is  lull  of  blood,  i'he  hulhus  cordis  arises  from  the  right  side 
of  the  ventricular  cavity.  There  are  proximal  and  distal  rows  of  valves  in  it  in 
some  forms  {Menobranchus)  and  a  single  row  in  others  {Rand).  The  two  streams 
of  blood  are  still  kept  considerably  separated  in  the  bulbus  by  an  incomplete  spiral 
septum,  formed  by  the  valves,  in  its  interior,  and  they  are  thus  distributed  almost 
in  their  entirety  to  the  systemic  and  respiratory  circulations  respectively.  (For 
the  mechanism  of  the  heart  of  the  frog,  see  Gaupp  ;  and  for  a  detailed  description 
of  the  heart  and  valvular  mechanism  of  Ceratophrys,  see  Rau,  Jour.  Anat.^  vol. 
Iviii.)  As  in  fishes  there  arc  no  true  blood  vessels  of  the  heart  wall,  though  small 
coronary  arteries,  arising  from  the  first  aortic  arch,  are  distributed  to  the  bulbus 
in  most  Amphibia  ;  a  coronary  vein,  however,  has  been  described  in  Cryptobranchus. 
(The  comparative  anatomy  and  development  of  the  amphibian  heart  are  described 
by  Benninghoff,  Morph.  Jahrb.,'Ed.  li.) 

Reptiles. — In  reptiles,  as  in  fishes  and  amphibians,  the  heart  lies  straight  in 
the  thorax,  parallel  to  the  long  axis  of  the  body,  and  not  obliquely  as  in  mammals. 
The  apex  of  the  ventricle  in  many  reptiles  (except  snakes),  and  also  in  several 
amphibians  and  some  fishes,  is  connected  to  the  parietal  pericardium  by  a  ligament 


( Anterior) 


(Posterior) 


Fig.  5. — Diagrammatic  transverse  sections  of  the  ventricle  in  CA)  the  Reptiija 

GENERALLY,    AND    (B)    IN    THE    CrOCODILIA. 

l.I.  and  r.r..  left  and  right  atrio-ventricular  openings;  s.,  ventricular  septum  ;  t.,  trabecula 
septo-marginalis ;    the  apical  septum  lies  between  a  and  b,  fig.  A. 

of  definite  structure  which  occasionally  transmits  blood  vessels  (gubernaculum 
cordis,  Fritsch).  This  ligament  is  remarkably  constant  in  the  species  in  which 
it  occurs,  though  it  may  be  quite  absent  in  nearly  related  forms.  It  has  been 
described  as  a  pathological  condition,  like  the  lateral  folds  sometimes  found  in 
frogs,  but  this  is  incorrect  and  it  should  be  considered  a  definite  functional  structure. 
It  receives  the  superficial  muscle  layer  of  the  ventricle  (Shaner,  Anat.  Record, 
vol.  xxix.,  1925). 

There  is  no  separate  bulbus  cordis  in  reptiles.  Three  vessels,  each  having 
a  definite  wall,  spring  from  the  ventricle.  They  are  the  pulmonary  artery,  which 
arises  from  the  right  side,  and  the  right  and  left  systemic  aortse,  the  left  aorta 
arising  on  the  right  near  the  pulmonary  artery  and  the  right  aorta  arising  on  the 
left ;   the  presence  of  two  separate  aortte  is  a  reptilian  character. 

The  division  of  the  heart  is  further  advanced  in  the  reptiles  than  in  the  am- 
phibians. The  atrium  is  divided  by  a  complete  septum  into  right  and  left  chambers 
which  are  entirely  separated  from  one  another ;  and  each  has  its  owoi  opening  into 
the  ventricle  which  is  guarded  by  a  valve  of  a  single  cusp  attached  to  the  septal 
wall  of  the  orifice  (fig.  7).  The  sinus  venosus  lies  on  the  dorsal  wall  of  the  atrium. 
It  varies  very  much  in  its  size  in  different  species,  in  some  {Ernys)  being  a  large 
and  distinct  chamber,  and  in  others  {Ckelonia  canand)  small  and  scarcely  more  than 
the  junction  of  the  veins.    The  orifice  is  on  the  dorsal  wall  of  the  right  atrium  ;   in 
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i..i  .  ^  — 


.11. 


A  in  reptiles  it  is  usually  f'.i;<'i.i 
17).    'I"be  }>inu.<  valve  an 
Ily  of  C'  '•,  which  arc  fused  below  and  on  the  left 

•  um  and  aUive  and  on  the  right  fuse  with  one  another  and  are  con-   i 

ntrartion  of  which    • 
.  i,,,  ^  .11'  . -i'  pulmonary  vein  IS    , 

<   l»ut  of «  ngih  in  snakfN,  and  o|xns 

iin  ;  the  orifice  is  unguarded,  though  a  valve  of 
i%p  wa*  dcMfiJiril  by  bABAiiKR  in  Python  {/\tudes  sur  U  (ocur  . 
v.  xviii..  1H73). 
im  \imn'-u.  m  wn.o-t  wall  there  is  still  a  considerable  trabecular  formati..n. 


'  ftmiu  t 


I  ml  lora. 


■'run/ar 


f//*  m . 


Rl.  and  Ujt  aorlit. 


Onfitt  of 
pulmonary  art. 


Rl.  iurfoft  of 
stptu  m . 


TMK  IIKAKT  OP  A  UZARU.     ll"rt.in  a  pre|>Aration  l.y  Ivy  .Mackenzie.  I 


Vf : 


septum  tntlv  from  tui^?cl  traba  ul;c,  which  \.»tir-<  \vi\ 

'■^  :    it  is  smallest  in  the  tortoise,  where  tin 

1,  ami  largest  in  the  crocodile  where  it  i^ 

>  vrntrirles  are,  therefore,  quite  separated  from  one  another. 

.  then,  the  Crocotlilia  alone  being  excepted,  the  septum 

rn  in  front  Iwirkwards  and  to  the  ri^ht  (fig.  5,  A). 

or  less  (lividctl  into  two  parts,  the  smaller  of 

I  and  thi'  larger  l>ehind  and  to  the  left ;    but  in 

:  the  two  part*  are  in  free  communication  over  the  upper  conca\' 

Hoth  atria  o|>rn  into  the  left  or  posterior  ventrirh  . 

to  the  left  or  posterior  surface  of  the 

.    ii.-in   the  jKjsterior  chamber,  while  the 

^      f»r  anterior  ventricle.    The  apical  region  of 

<xl,  in  an  almost  sagittal  direction,  by  a  trabecular 

runs  from  the  back  of  the  septum  to  the  posterior  wall  of  the 

:fin  into  a  larger  left  and  a  smaller  right  portion 
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(fig.  5,  A).  In  the  Crocodilia  this  trabecular  band  is  very  greatly  enlarged,  and 
with  the  anterior  part  of  the  original  septum  and  an  incorporated  endocardial 
cushion  element  from  the  region  of  the  atrio-ventricular  valves  forms  the  new  and 
complete  ventricular  septum,  which  is  attached  above  between  the  atrial  orifices 
(fig.  5,  B) .  At  the  same  time,  the  part  of  the  original  septum  behind  the  attachment 
of  the  trabecular  hand  undergoes  a  retrogression  and  as  a  rudimentary  structure, 
the  trabecula  septo-marginalis  (Taxdler),  traverses  the  right  ventricle.  It 
will  afterwards  be  described  as  the  homologue  of  the  moderator  band  of  the 
mammalian  heart,  and  in  the  crocodile  it  obviously  intervenes  between  that  part 
of  the  right  ventricle  into  which  the  right  atrium  opens  and  that  part  from  which 
the  pulmonary  artery  arises  (fig.  5,  B,  b  and  c).  In  the  crocodile  the  left  aorta 
also  arises  from  the  right  ventricle,  hut  there  is  an  extra-cardiac  communication 
between  the  two  aortas,  the  foramen  of  Panizza,  so  that  the  arterial  and  venous  blood 
are  not  yet  completely  separated.  Each  of  the  three  great  arterial  channels  is 
guarded  by  a  valve  of  two  semilunar  cusps  at  its  origin. 

Orifice  of  sinus  venosus. 


P.A. 


A.-  V .  valves. 


Apical  septum . 

Fig.  7.— Diagram  of  the  heart  of  the  Reptilia.    (After  Sedgwick.) 
R.  and  L.,  right  and  left  aortae ;    P.A.,  pulmonaiy  artery;    S.,  incomplete  septum. 

The  phylogenetic  origin  of  the  left  ventricle  is  by  no  means  yet  clear.  It  has 
been  suggested,  for  example,  that  the  right  ventricular  cavity  of  the  higher  Amniota 
represents  the  entire  ventricular  cavity  of  the  Amphibia  and  that  an  extension 
of  the  right  part  of  the  cavity  ultimately  becomes  the  left  ventricle.  This  extension 
is  at  first  small  and  in  Monitor  is  confined  to  the  postero-dextral  region  of  the 
ventricle ;  it  occupies  the  entire  posterior  region  in  the  snake,  and  in  the  Chelonia 
reaches  the  left  side,  the  pulmonary  artery  and  the  right  ventricle  which  originally 
occupied  the  ventro-sinistral  region  being  pushed  to  the  right  in  its  advance.  If 
this  be  so,  the  formation  of  the  ventricular  septum  in  the  Reptilia,  and  its  homologue 
the  septum  inferius  (His)  in  man,  would  appear  to  be  due  to  the  extension  of  the 
ventricular  cavity  into  the  posterior  cardiac  wall  rather  than  to  its  own  ingrowth, 
as  is  described  above  and  in  the  next  section.  The  septum  would  be  rotated 
forwards  as  the  extension  of  the  ventricular  cavity  increased,  and  in  its  right-hand 
surface  we  would  be  dealing  with  the  postero-internal  boundary  of  the  Amphibian 
ventricle.  It  appears  to  the  present  writer,  however,  that  the  ventricular  septum 
in  the  Crocodilia  (and  in  the  hearts  of  birds  and  mammals)  consists  of  two  parts, 
the  one  of  which,  the  anterior  part,  represents  the  division  of  the  ventricle  to  effect 


!••  (OMI'ARATIVK   ANAT<)>*  TIIK    IIKART 

.r.i;..ii  ..f  til.  ..nii'i.itig  IiIcmkI,  iiuii  tlif  otluT,  tlic  iK»>tirior  part,  the  division 
i.  of  tlu' in<  tuning  atrial  l)lno(i.     Ihc  fornuT  of  these  parts 

Ap|)rar«  first,  unci  apiwirrntly  i>  that  found  generally  throughout  the  Keptilia,  while 
the  Ultrr  remains  »ituiII  and  is  largely  rephux*d  by  the  atrio-vcntriculur  valves. 
I      •"  '    '  ' .  is  nee<l«'«l  to  maintain  that  in  some  forms  the  j)ostorior  part 

I  ..,  ;.'u-  rx|K-nsc  of  the  anterior  part,  and  that  the  chambers  \vhi«h 

a  >t  and  left  venlri«  les  are  always  really  homologous  cavities;    but 

lioth  fwrt.-*  it  would  seem  arc  ingrowths  into  the  ciimmon  ventricle  of  the  Amphibia.' 
Birds      In  birds,  as  in  mammals,  the  atrial  and  ventricular  se|)ta  are  complete 
a  It  and  left  hearts  are  entirely  separatecl  from  one  another.    The  heart, 

«  •  «•,  lies  in  the  long  axis  a(  the  IkkIv  In-hind  the  middle  of  the  sternum  ; 

It  '  le<l  cranially.  while  its  apex  lies  Inlween  the  lolx's  of  the  liver, 

the  diaphragm,  as  a  rule,  not  In-ing  so  far  developed  as  completely  to  separate  the 
thorax  from  the  aUlomen.  It  weighs  as  much  as  ,Vt  to  \hn  of  tbe  Ixxiy  weight, 
V  >rtion  in  reptiles  Ixing  .,^n  to  jAn  ;    iind  on  an  average  the  heart  in  birds 

is  II.  .1;  n  twice  as  heavy  as  in  mammals  of  the  siime  weight. 

The  right  atrium  rtvcives  the  venous  blood  of  the  Ixxly.     It  is  more  capacious 
thjin  the  left  atrium  (in  the  pro{x)rtion  of  5  to  3),  but  its  walls  are  distinctly  thinner. 

dividetl  internally,  more  distinctly  than  it  is  in  mammals,  into  two  parts, 
the  >inus  and  the  atrium  proper :  but,  on  the  other  hand,  it  is  to  be  noted  that  the 
sinus  is  ab-^irU-tJ  into,  and  forms  part  of.  the  chamber  as  docs  not  occur  in  the 
^"r<.  (idilia.     Ihree  veins  open  into  the  sinus,  there  Ixing  as  in  reptiles  two  anterior 

cavac,  but  the  orifices  of  these  veins  vary  in  their  relationships  to  one  another 
in  different  species.  The  right  sujx-rior  cava  opens  into  the  upper  right  anterior 
I  win  of  the  sinus,  though  it  may  open  with  the  inferior  cava  {Co/umba),  and  the  left 
superior  cava,  after  winding  round  the  jH»sterior  surface  of  the  left  atrium,  opens 
into  the  lower  l»at  k  part  of  the  sinus,  though  it  may  with  the  right  cava  open  with 
the  inferior  cava  (Stru//iio).  In  the  vestibule  of  the  left  superior  cava  lies  the 
orifice  of  the  coronary  vein,  guarded  by  a  small  flap  valve  ;  but  in  a  few  forms  this 
vein  ojx-ns  sepanitely  into  the  atrium.  The  right  and  left  caval  orifices  are  guarded 
I  ^  ■'  flaps,  membranous  or  muscular  in  their  .structure.    The  orifice  of  the 

>«'i •  'ava  lies  Ixtween  the  openings  of  the  two  sui)erior  cav;v.  and  is  guarded 

fjn  the  left  by  a  broad  fold  which  projcrts  into  the  atrium  and  intervenes  Ixtween 
it  and  the  left  sujxrior  cava.  The  whole  sinus  area  is  limited  in  front  by  two  strong 
muscular  folds  which  surround  its  orifice  ;  the.se  folds  arc  homologous  with  the 
»inu*  vaK'es  in  reptiles.    They  ajmmence  on  the  roof  of  the  atrial  part  of  the 

^-  ■" '     '  '  ir  ff»ld.  which  stamis  out  from  among  the  musculi 

I"  .:..(.,    this  fold  exi^inds  into  the  two  valvular  folds,  that 

***  **^  ''  sinus  terminating  at  the  lower  part  of  the  fossii  ovalis  and 

ihat  00  the  right  side  tenninating  on  the  floor  of  the  atrium  after  pa.ssing  round 
If  side  of  the  inferior  cava.    The  l»a,se  of  the  latter  fold  is  highly  muscular, 

"  "  ■'  i'y  of  the  musculi  jHvtinati  of  the  atrium  arise.    The  left 

"  ;>iirts:    (1)  a  right  |)osterior  smooth  part,  which  receives  the 

'•  v  veins,  one  on  each  side  ;  and  (2)  a  left  anterior  part,  the 

wall*  <rf  wl  covered  with  musculi   fxctinati.    The  two  parts  are 

**  '"m  growing  from  the  dorsal  and  upper  wall  of  the 

r.  in  the  Passch/ortnes  and  varies  in  its  height  in 
urtu  iently  large  to  act  as  a  valve.    The  atrial  septutn 


a 
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is  membranous  and  seldom  contains  musele  lilires.  In  the  middle  f)l"  it  there  is  a 
thinner  transparent  region  which  is  not  depressed  but  which  corresponds  to  the  fossa 
oval  is  in  mammals.  In  the  embryo  this  region  is  cribriform  (see  Patten,  Anat. 
Record,  vol.  xxx.,  1925),  this  condition  replacing  the  single  foramen  ovale  of  the 
mammalian  foetus.  Rokitansky,  however,  has  described  conditions  of  the 
mammalian  septum  which  resemble  that  of  birds,  see  p.  13. 

The  right  ventricle  does  not  reach  to  the  apex  of  the  heart.  Its  wall  is  one-third 
tlie  thickness  of  that  of  the  left  ventricle.  It  is  smooth  in  its  interior  except  at  its 
antero-inferior  part,  where  there  is  a  rich  fine  trabeculation  passing  from  the 
septum  to  the  anterior  wall ;  the  left  ventricle,  on  the  other  hand,  possesses  numerous 
trabeculee,  except  over  the  septum,  and  from  some  of -these  chordae  tendineae  arise 
and  pass  to  the  mitral  valve.  The  mitral  valve,  of  two  or  three  cusps, ^  resembles 
that  of  mammals,  but  the  right  atrio-ventricular  orifice  is  guarded  by  a  muscular 
fold  which  is  quite  different  from  the  tricuspid  valve  of  mammals.  This  fold, 
as  thick  as  the  wall  of  the  ventricle,  passes  from  the  right  side  of  the  orifice  of  the 
pulmonary  artery  downwards  and  backwards  round  the  atrio-ventricular  orifice 
to  the  junction  of  the  septum  and  the  posterior  wall  of  the  ventricle.  The  convex 
free  edge  of  the  fold,  to  which  no  chordae  tendineae  are  attached,  is  turned  towards 
the  septum  and  is  applied  to  it  during  ventricular  systole.  The  pulmonary  artery 
and  the  aorta  are  each  provided  with  three  semilunar  cusps  at  their  origin. 

Mammals.— In  Monotremes  {Ornithorhynchus)  and  Marsupialia  {Dasyurus) 
the  heart  lies  in  the  long  axis  of  the  body  and  in  the  middle  line.  It  also  occupies 
this  position  in  some  pronograde  placental  mammals  (cat),  but  in  others  (squirrel) 
it  lies  obliquely  downwards,  forwards,  and  to  the  left.  The  differences  in  position 
are  said  to  be  related  to  differences  in  the  form  of  the  thorax  (Tanja)  .  It  is  sometimes 
held  that  in  all  pronograde  Placentalia  the  pericardium  and  the  diaphragm  are 
separated  from  one  another  by  a  larger  or  smaller  interval,  as  in  the  horse  and  the 
sheep,  and  that  only  in  anthropoids  and  man  are  these  structures  fused  (p.  130) ; 
fusion,  however,  has  been  described  in  several  other  forms  {Lemur  mongoz  and 
many  Quadrumana,  Leche  ;  pig,  Muller).  The  space  between  the  pericardium 
and  the  diaphragm,  when  it  is  present,  is  occupied  by  the  infra-cardiac  lobe  of 
the  right  lung. 

Right  Atrium.— The  sinus  venosus  cannot  be  distinguished  from  the  exterior 
as  a  separate  chamber  of  the  mammalian  heart.  In  Monotremes  the  three  cavae, 
the  right  and  left  anterior  and  the  posterior,  open  separately  into  the  right  atrium. 
The  three  orifices  are  surrounded,  however,  by  the  two  cusps  of  a  common  sinus 
valve,  so  that  in  the  interior  of  the  atrium  the  sinus  area  can  readily  be  defined. 
The  cusps,  which  are  somewhat  rudimentary  round  the  upper  right  cava,  are  closely 
approximated  to  one  another  between  the  orifices,  but  are  not  fused  (fig.  8).  The 
descriptions  of  these  cusps  given  by  Rose  and  by  Born  differ  in  their  details  ; 
the  figure  given  here  is  from  two  specimens  of  Ornithorhynchus  in  the  writer's 
possession.  In  the  base  of  the  upper  part  of  the  right  cusp,  in  front  of  the  right 
superior  cava,  there  is  a  distinct  muscle  band ;  this  represents  the  upper  part  of 
the  crista  terminalis  of  man  and  part  of  the  sphincter  muscle  of  the  sinus  valve 
of  reptiles.  The  heart  veins  open  directly  into  the  heart  in  the  spatium  inter- 
septo-valvulare,  a  considerable  space  and  diverticulum  which  lies  between  the 
left  sinus  valve  and  the  septum,  and  the  mouth  of  which  is  bounded  on  its  valvular 
side  by  a  distinct  muscle  ring,  the  isthmus  Vieussenii  (fig.  8).  The  atrial  septum 
opposite   this    ring  has   a  network  appearance   (fig.   8)   and,   as  was   shown  by 


1  This  is  the  description  of  Owen  and  CuviER,  but  that  three  cusps  are  almost  invariably 
present  was  shown  by  Hodgkinson  {Jour.  Anat.,  vol.  xxxv.,  1900). 
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HocMSETTER,  ill  /ufiidtia  it  is  a  perforated  sieve-like  membrane  in  the  embryo, 
Ihcre  Ijcing  no  foramen  ovale.  In  Echidna  the  ventricular  veins  open  into  the 
po»(crior  i-ava.  In  Marsupialia  the  sinus-valve  formations  are  absent,  apart  from 
one  or  two  iniUtuhc  in  front  of  the  right  suj)erior  cava,  and  the  sinus  region  can 
l>c  distinguished  from  the  rest  of  the  atrium  only  by  its  smoothness  ;  in  the  embrjo, 
howrvir.  there  is  a  distinct  sinus  with  two  large  valve  cusps.  The  spatium  inter- 
s<-ptovalvulnre  is  also  absent  and  there  is  no  distinct  annulus  ovalis.  As  in 
Monotremes  there  is  no  foramen  ovale,  but  there  are  several  perforations  in  the 
atrial  M'ptum.  In  Monotremes  and  Marsupialia  there  is  a  cross  anastomosis  in 
the  up|x*r  jxirt  of  the  thorax  between  the  two  anterior  cava?,  but  the  left  cava  still 
i-onducts  the  blood  of  the  left  side  to  the  heart  :    in  the  Plarentalia,  however,  this 


R.S.C. 


Rl.  vrnaus  va/tf  - 


A.A. 


Spatium  intersepto- 
vah'ular. 


Rt.  .1.1'.  orifice. 


Fig.  8.— Till.  RIOHT  ATRICM  of  Ornithorhyr.cnus. 

A.,  aorta  ;    A. A.,  right  atrial  appendix  ;    I.\'.C.,  inferior  vena  cava  ;  R.S.C..  ripht 

superior  cava. 


at"!  is  tarries  the  blood  of  the  left  side  to  the  right  cava,  and  below  ii  the 

!»-i;  :.  .  unrlrrgoes  an  atroj)hy  '  and  persists  only  at  its  Imvcr  jmrt  as  tb«^  vein  of 
Marshall  tM.c-  p.  1()7).  This  opens  into  the  coronary  sinus,  which 
represents  the  left  horn  of  the  sinus  venosus,  and  in  IMacentalia  always 
receives  the  cardiac  veins  (p.  105).  The  venous  openings  in  the  right 
atrium  in  IMarc-nialia  are,  therefore,  the  (right)  superior  cava,  the  inferior 
niva,  and  the  coronary  sinus.  In  Edentata  the  three  openings  arc  sur- 
roundetl  by  membranous  sinus  valve  cusps  almost  exactly  as  in  Monotremes, 
hut  the  lower  part  of  the  right  cusp  is  best  developed  and  forms  a  large  fold  in 
front  of  the  orifice.s  of  the  inferior  cava  and  coronary  sinus  ;    there  is  also  a  small 

'■   Ix'tween   the   left  cusp  and   the  septum.     In  all   other 
I  UK  V  .\(  cption  of  some  Rodentia  {Afus,  sometimes  Cavia),  in  which 

"  *    md  in  Uic  hedgehog  {E.  europtcuSy  Leche)  where  the  conditions 


I'r. 


■\  U  pmrnl  in  >cvcml   groups,  for  example,   in   hisectivora,   Chiroptera.   and 
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are  peculiar,  the  left  valve  is  fused  with  the  septum  so  that  there  is  no  intersepto- 
valvular  space ;  but  the  musculature  of  its  attached  border  assists  in  the  formation 
of  the  annulus  ovalis.  The  membranous  part  of  the  right  valve  persists  only  at 
its  lower  part  and  forms  the  Eustachian  and  Thebesian  valves  at  the  orifices 
of  the  inferior  cava  and  coronary  sinus ;  but  these  are  absent  in  most  Carnivora, 
Cetacea,  and  Chiroptera,  and  in  some  other  forms,  and  in  many  species  one  or 
other  may  be  wanting.  The  foramen  ovale  and  its  associated  parts  are  formations 
typical  of  the  embryo  of  placental  mammals,  that  is,  there  is  in  them  a  single, 
definitely  bounded  opening  in  the  atrial  septum  which  is  closed  after  birth  by  the 
apposition  and  fusion  of  its  overlapping  walls  (see  p.  39) ;  Rose  and  Rokitansky, 
however,  have  described  conditions  of  multiple  perforations  in  the  septum  below  the 
foramen  ovale  in  the  sheep  and  the  horse  which  are  closed  by  a  proliferation  of  the 
endocardium.  The  right  wall  of  the  foramen  ovale  has  a  lower  free  margin,  highly 
arched  and  concave  downwards ;  with  this  wall  the  left  sinus  valve  is  completely 
fused  (see  exceptions  above)  so  that  the  intersepto- valvular  space  is  obliterated. 
The  muscle  ring  of  the  isthmus  Vieussenii  becomes  incorporated  in  the  free  edge 
of  the  septum  and  forms  with  it  a  distinct  annular  muscular  formation,  the  annulus 
ovalis,  which  completely  covers  the  foramen  ovale ;  the  annulus  is  best  developed 
in  the  hearts  of  ruminants. 

Left  Atrium. — In  Monotremes  there  is  a  single  pulmonary  venous  stem  formed 
by  the  right  and  left  pulmonary  veins,  which,  after  a  considerable  interstitial 
course  in  the  atrial  wall,  opens  into  a  funnel-shaped  part  of  the  left  atrium.  In 
Marsupialia  and  Placentalia  there  are  usually  four  pulmonary  veins  which  may 
open  separately,  as  in  Primates,  or  after  the  two  veins  of  one  or  both  sides  have 
fused ;  in  Halicore  alone,  apparently,  is  there  a  single  stem  for  the  two  sides.  In 
the  marsupials  and  in  Edentates  the  pulmonary  veins  open  into  a  funnel-shaped 
diverticulum,  but  in  the  higher  placental  mammals,  with  a  few  exceptions,  as  for 
example  the  rabbit,  this  diverticulum  broadens  more  and  more  and  forms  the 
posterior  wall  of  the  atrium  ;  and  the  orifices  of  the  pulmonary  veins  of  the  two  sides 
are,  therefore,  moved  further  and  further  apart. 

Ventricles. — The  ventricular  septum  is  complete  and,  as  a  rule,  of  the  same 
thickness  as  the  wall  of  the  left  ventricle  ;  this  is  generally  considerably,  even 
as  much  as  four  times,  thicker  than  the  wall  of  the  right  ventricle,  but  in  Cetacea 
the  right  ventricle  may  be  nearly  as  thick  or  thicker  {Hyperoodon,  Bouvier,  Ann.  d. 
Sc.  nat.,  Paris,  1892).  The  walls  are  usually  set  with  muscular  trabeculae,  but  in 
some  forms  (the  horse)  they  are  smooth.  The  right  atrio- ventricular  orifice  is 
guarded  in  Oniithorhynchus  by  a  single  lateral  cusp,  the  septal  cusp  being  absent 
(Rose)  or  very  rudimentary  (Lankester)  ;  in  one  of  the  writer's  specimens, 
however,  there  is  a  distinct  though  small  membranous  septal  cusp,  and  Beddard 
has  described  a  complete  cusp  in  two  specimens.  The  lateral  cusp  is  connected 
to  the  septum  by  three  papillary  muscles  which  are  continued  through  the  cusp 
to  its  attached  margin.  In  Echidna  the  muscle  fibres  of  the  papillary  muscles  end 
at  the  margin  of  the  cusp ;  and  in  this  species  there  is  a  thin  membranous  septal 
cusp  attached  below  to  the  ventricular  septum.  In  Marsupialia  and  Placentalia 
the  orifice  is  guarded  by  three  cusps  (two  cusps  in  Chiroptera),  a  septal  and  two 
lateral,  which  are  attached  through  chordae  tendineae  to  papillary  muscles  or  directly 
to  the  septum.  The  papillary  muscles  vary  in  their  arrangement,  but  usually 
the  largest  muscle  lies  laterally,  arising  either  from  the  septum  or  the  lateral  wall, 
a  smaller  one  lies  posteriorly,  while  the  septal  cusp  is  attached  to  the  seotum  either 
directly  by  chordae  tendineae  or  these  may  pass  to  small  papillary  muscles.  The 
left  atrio- ventricular  orifice  is  guarded  in  Monotremes,  as  in  birds,  by  three  cusps, 
a  medial  and  two  lateral,  which  are  invaded  by  the  muscle  tissue  of  the  three 
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Inn-  nnivlo.  to  which  they  arc  attached  Ix'Iow ;    the  mctlial  cusp  is  the  Icusi 
nm*-  In  mjin>upiaU  and  placental  mammals  there  is  a  mitral  valve  of  iwr. 

I-  the  two  jiiteral  <  usps  l»cinK  fused  ;    and  then;  arc  two  papillar) 

muv-i«->,  .iiiu.iiot  and  jKJsterior.  with  chorda-  tcndinca:  reaching  to  the  cusps. 


DEVELOPMENT  OF  THE  HEART 

1  uc  .'  '  '  imnt  of  the  heairt  has  In-en  fully  descrilK-d  in  \(»l.  J.,'  but  there 
will  be  1   in  this  section  a  general  statement  of  the  process  in  order  that 

rcrtftin  \  ■  the  descriptions  which  follow  may  be  slated,  as  they  can  l>est  Ik* 

statetl.  in  developmental  terms. 

It  is  not  necessary,  for  the  present  purpose,  to  discu.ss  the  .stages  earlier  than  that 
r  '  'i.  in  a  human  emhrvo  of  five  or  six  segments,  the  heart  consists  of  a  short 
ii...w;,,>  iial  tuln    '1  ■   endocardial  tube.  lying  well  within  a  mantle  of  splanchnic 


i\'olifckorii 


Dorsal  aorla. 


r^- Dorsal  mcsocardium. 


EndotarJial  lube. 


Myo-rpttardtal  mantle. 


'  .Mrmhrana  rrunicns . 


KH;.!».— THK    HKART    RUDIMRNT    I.N    a    HUMA.N    KMBRYO    ok    6-fl    SFXiMKNTS. 

(Dingr.imm.itic.  after  CoRNiNc.) 
N.r..  neural  plate ;    CI,  fore-gut :    P  P  .  {HTirartHal  rtrlom. 


mesobhiAt,  the  myo-epicardial  mantle,  and  is  placed  in  the  forepart  of  the 
ccr>'iral  region  ventral  to  the  fore-gut  in  a  relatively  large  pericardial  cavity 
(plcuro-pericnrdial  ccclom)  (fig.  9).'  The  myoepicardial  mantle  develops  into 
the  '  '  myocardium,  and  the  fibrous  stnutures  of  the  heart  wall  and 
i'-  ■  ...^  <•!  ■  '    1  jM  riiardium,  the  epicardium.  while  the  endothelial  tube 

I  -  its  eir  i.d   lining.'     The  spa«  e  betwien  the  endothelial  tube  and 

the  myo-epicurdial  mantle  is  .soon  occupied  by  a  delicate  suljendothelial  reticulum, 
the  exact  source  of  which  is  not  yet  clear  (see  p.  28) ;  and  the  spaces  of  the 
r-  ""  ith  flui<l.     At  a  later  period  the  myogenic  cells  proliferate 

•'i >•'■'.    ;..  ! iial  tissue,  iind  form  in  it  a  muscular  sponge-work 

tn  fhr  innrr  su  n  the  endexardium  becomes  applied.     At  its  earliest 

in  the  higher  mammals,  the  heart  tube  is  slightly  bent  on  its  long 


.,.  1 


there  hy   Uis,   lk)RN,   .Mni.i.iKR.  Tandi.f.r.  and   HocHSETTER. 

■     "     ^*^ '    Waterson.  KoniNsoN.  Mam..  F"razer,  Wanx:, 

)i  of  the  lieart  in  lower  virtelirates.  sec  Graham 
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iient*  of  its  wall  before  these  can  be  detected 
K-  of  the  embr\-onic  heart,  .see  Born. 
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axis  and  has  an  S-shaped  curvature  (fig.  10) ;  and  it  is  already  possible  to 
distinguish  its  future  subdivisions  though  these  are  more  easily  defined  when 
the  curvature  of  the  tube  is  more  strongly  developed  and  when  parts  of  it  have 
increased  in  diameter.  It  is  connected  for  a  short  time  along  its  whole  length 
to  the  ventral  surface  of  the  fore-gut  by  the  dorsal  mesocardium  (fig.  9) ;  but 
the  greater  part  of  the  mesocardium  is  soon  absorbed  and  the  heart  tube  remains 
connected  to  the  dorsal  wall  of  the  pericardium  only  at  its  posterior  end,  where 
it  enters  the  pericardium  (venous  mesocardium),  and  at  its  anterior  end,  where 
it  leaves  the  pericardium  (arterial  mesocardium),  and  between  these  two  parts 
it  forms  a  sling,  or  a  loop,  which  is  convex  forwards  and  to  the  right  and  concave 
backwards  and  to  the  left  (fig.  10).  The  dorsal  mesocardium  is  complete  in  a 
3  mm.  embryo;  the  intermediate  part  is  absorbed  immediately  after  this  (see 
Waterson).  The  ventral  wall  of  the  pericardial  cavity  (membrana  reuniens 
of  Rathke),  which  (in  the  mammals)  is  not  connected  to  the  heart  tube  at  any 


TriDuus  arteriosus . 


^Kr'       %     JF  \--' — Atrium. 

B^^  ^^^r  ••-'       \ 

Ventricle ....  \m  -  -  •  f 


Sinus  venosus . 


Fig.  10.- -A  di.agr.^m  of  the  heart  tube  in  an  early  human  embryo,  seen 
FROM  THE  FRONT.     (From  the  model  by  His.) 

time,i  is  very  thin,  and  for  a  considerable  period  contains  neither  skeletal  nor 
muscular  elements,  but  is  formed  by  a  layer  of  mesenchymatous  tissue;  and 
it  will  be  readily  understood  that  if  it  becomes  broken  the  heart  tube  will  be 
exposed  on  the  anterior  surface  of  the  thorax . 

In  the  next  stages  of  its  development  the  curvature  of  the  heart  tube  becomes 
much  more  marked  (fig.  11).  This  is  due  to  (1)  the  growth  of  the  free,  sling-like 
part  of  the  tube  at  a  greater  rate  than  its  fixed  ends  separate  from  one  another, 
and  (2)  to  the  unequal   expansion  of  its  lumen;  ^   and,   as  results,   the  heart 


1  The  pericardial  cavity  is  at  first,  like  the  heart  tubes,  a  double  structure,  and  when  they 
fuse  a  ventral  interpericardial  septum  is  formed;  this  is  not.  however,  a  true  mesocardium. 
(See  Robinson  and  Wilson.) 

-  It  should  be  remembered,  in  all  discussions  of  the  significance  of  this  curvature,  that  in 
lower  vertebrates  the  heart  tube  at  first  is  straight  and  then  undergoes  actual  bending  by  a  growth 
in  length  beyond  the  length  of  the  rigid  pericardium ;  and  that  this  bending,  of  which  the 
mammalian  bending  is  a  counterpart,  is  shown  in  the  spiral  formations  of  the  bulbus  cordis 
and  truncus  arteriosus  (see  further,  Graham  Kerr),  and  is  reflected  in  the  spiral  arrangement 
of  the  ventricular  musculature  as  opposed  to  the  annular  arrangement  of  the  atrial  fibres 
(Walmsley).  Bremer,  Amer.  Jour.  Anat.,  xlii.,  1928,  has  fully  described  the  curvatures 
and  has  discussed  their  interpretation. 
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rudimrni  now  fills  n  much  greater  part  of  the  pericardial  cavity,  its  several  parts 
arr  dcfmctl.  and  its  two  ends  are  relatively  approximated  to  one  another.  At 
jf  rnd  the  heart  tul>e  is  expanded  transversely  and  receives  in  a  common 

,  ....   umbilical  (allantoic)  and  omi)halo-mcsenteric  (vitelline)  veins  and 

f  ,  of  Cuvier  (which  are  formed,  one  on  each  side,  from  the  anterior  and 

rior  veins  of  the  Ixxly  wall) ;  this  chamljcr  is  the  sinus  venosus  and  it  is,  at 
this  sUgr,  cml>etldcd  in  the  substance  of  the  septum  transvcrsum.  It  is  succeeded 
in  the  heart  tul)e  by  the  primitive  atiium  which  lies  in  the  back  part  of  the 
.^,;  ...i;.,l  ravitv.  close  to  its  dorsal  wall.  At  first  there  is  no  sharp  Ixjundary 
|m  the  sinus  and  the  atrium,  and  the  opening  between  them  is  wide.    Later, 

however,  the  opening  is  constricted  from  the  left  side ;  it  becomes,  therefore, 
relatively  smaller  and  is  shifted  towards  the  right  half  of  the  atrium.    It  is  then 

ble  to  distinguish  in  the  sinus  a  centre  transverse  part  and  two  (right  and 

TruHfus  arUriosus  •  . 


Atrial  canal. 


BulbMS  cordis. 


AC. 


Fl<;.  II. — A  DIAnR.\M  of  the  iikart  TI'BE.  showing  the  increase  in  curvature  an<l  the 
early  form  and  relations  of  the  chambers. 

A.C.,  anterior  cardinal  vein;    R.C,  posterior  cardinal  vein;    U.l'.,  umbilical  veins; 

V  V     vif.Iline  veins. 


left)  lateral  horns  which  open  into  its  extremities  ;    these  lateral  horns  receive 

the  ducts  of  Cuvier  (fig.  12).     Beyond  the  atrium  the  heart  tube  is  bent  forwards 

towards  the  ventral  wall  of  the  pericardium  (fig.  11);    this  bent  part  is  known 

us  the  atrial  canal,  and  in  it  the  endothelial  tube  is  constricted  and  the  sub- 

«•   '    '    'i.il   tissue   is   increased   in  amount.    The  atrial   canal   is  succeeded   by 

I:       .    atricular  loop,  the  ajiex  of  which   points  forwards  (ventrally),  distally 

(.  .  t,  and  tu  the  right.    The  proximal  (downward)  limb  of  the  loop  is  the 

ventricular  chamber  of  the  heart,  and  the  distal  (upward)  limb  is  the  bulbus 

cordis:  and  the  cleft  Inrtween  the  limbs  is  the  bulbo-ventricular  cleft.     Ihc 

•  •        '    '     '       '  <•  of  the  upper  part  of  the  bulbus  is  constricted  and  here,  as  in 

t  (K.  r..  ;.  .,>  ;„,  r,.;,sp  j^  \YiQ  amount  of  the  subcndothelial  reticulum. 

i  i  .dly  and.  clrse   to   the   ventral    surface   of  the 

leads  into  the  truncus    arteriosus,  which  is  the   commencement  of 

I  \\<  endothelial  thickenings  which  develop  in  the  atrial 

;is  are  the  primitive  valvular  arrangements  of  these  parts; 

lis  contract  they  are  pressed  together  and  prevent  the  flow 

»  '  1.     It  i<;  to  be  noted  that  in  refcrrnre  to  the  ventricle,  of 


DEVELOPMENT   OF   THE   HEART 


17 


which  they  are  the  guards,  the  former  region  will  be  contracted  in  ventricular 
systole  and  the  latter  in  ventricular  diastole. 

In  the  next  stages  of  the  development  of  the  heart  the  several  chambers  are 
further  defined  by  growth  changes  in  each  of  them  and  by  alterations  in  position 
relative  to  one  another.  The  sinus  venosus'  rises  out  of  the  septum  transversum 
and  comes  to  lie  on  the  dorsal  surface  of  the  atrium  ;  and,  associated  with  the 
caudal  displacement  of  the  whole  heart,  from  the  original  position  it  occupied 
opposite  the  third  and  fourth  segments  to  its  ultimate  position  opposite  the  fourteenth 
to  nineteenth  segments,  there  is  a  change  in  the  direction  of  the  sinus  horns  and 
they  now  run  downwards  and  medially  towards  the  transverse  centre  part  and 
form  with  it  an  arch  convex  caudally.  The  left  horn  lags  behind  the  right  horn 
in   its   growth   and   now   is   distinctly   smaller    (fig.    12).    The   communication 


Left  horn  of  sinus . 


Orifice  of 
pulmonary  vein. 


Rt.  horn  of  sinus. 


Orifice  of  sinus  in 
right  atrium. 


Cavity  of  sinus. 


Fig.  12. — The  heart  of  a  human  embryo,  from  behind.      (After  the  model  by  His.) 

B.,  bulbus  cordis  ;    A. C,  atrial  canal  ;    L. A. ,  R. A.,  left  and  right  atria;    L.V.,  R.V., 

left  and  right  ventricles. 

between  the  sinus  and  the  atrium,  now  very  much  reduced  in  size,  is  a  vertical 
(sagittal)  slit  in  the  dorsal  wall  of  the  right  part  of  the  atrium.  Along  the  right 
side  of  the  opening  a  fold  is  formed,  growing  from  above  downwards;  this  is 
the  rudiment  of  the  right  venous  valve.  The  left  venous  valve,  along  the 
left  side  of  the  opening,  develops  at  a  later  period  and,  having  formed,  the  two 
valves  fuse  with  one  another  at  the  upper  and  lower  ends  of  the  opening;  the 
upper  fused  ends  are  continued  on  to  the  roof  of  the  atrium  as  the  septum 
spurium,  while  the  lower  ends  are  continued  to  the  atrial  canal  (fig.  13).  The 
lateral  parts  of  the  atrium  become  very  much  expanded  and  form  diverticula  which 
pass  from  behind  forwards  (dorso-ventrally)  round  the  distal  part  of  the  bulbus 
cordis  (fig.  14).  Opposite  where  the  bulbus  is  in  contact  with  it,  the  wall  of 
the  atrium  is  folded  mwards  towards  the  cavity  in  the  form  of  a  flat  prominence 
which  extends  over  the  roof  and  loses  itself  on  the  posterior  wall ;  this  is  the 
rudiment  of  the  septum  primum  and  is  the  first  indication  of  the  division  of 
the  atrium  into  right  and  left  chambers.  The  sinus  venosus  opening  is  on  the 
right  side  of  the  septum  and  the  small  opening  of  the  single  pulmonary  vein 
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lies  on  it.',  k'll  side  (fig.  13).  The  opening  from  the  atrium  into  the  atrial  canal, 
which  at  first  is  circular  and  on  the  left  side  of  the  atrium,  now  becomes  oval  in 
shape,  elongated  transversely,  and  is  placed  in  the  middle  of  the  floor  of  the 
atrium.  The  atrial  canal  is  no  longer  visible  on  the  surface  of  the  heart;  it 
is  covered  by  the  growth  over  it  of  the  atrium  from  above  and  the  ventricle  from 
below,  and  these  chambers  come  into  contact  with  each  other  along  the  deejj 
atrio-ventricular  groove  (fig.  13).  The  subendothelial  reticulum  of  the  atrial 
canal  is  greatly  developed  on  its  anterior  and  posterior  walls  and  forms  projec- 
tions into  its  cavity  which  are  named  the  anterior  and  posterior  endocardial 
cushions.  The  apex  of  the  ventricular  loop  by  this  time  has  passed  down 
\entral  to  the  atrium  and  is  carried  towards  the  middle  line  ;  the  bulbo-ventricular 
groove  thus  becomes  vertical  and  the  ventricular  chamber  becomes  the  left  limb 
and  the  bulbus  cordis  the  right  limb  of  the  loop.  At  the  .same  time,  the  whole 
loop  is  displaced  to  a  position  caudal  to  the  atrium  so  that  the  atrium  now  lies 
on  the  dorso-cranial  side  of  the  ventricle  and  is  crossed  anteriorly  by  the  bulbus 
cordis  (fig.  14).     The  ventricular  loop  expands  on  both  sides,  and  the  originally 


Bulbo-vetilricular 
cleft. 


Bulbo-atrial 
cleft. 


TA. 


Fig.    15.— DI.A.GRAMS  to   illustrate  THL   reduction  of  the   BULT30-VENTRICULAR   CLEFT 
AND    THE    FORMATION    OF    THE    RIGHT   VENTRICLE.       (After    KeITH.) 

A.,  atrium;    A. C,  atrial  canal ;    B.,  bulbus  cordis  ;    S.,  sinus  venosus;    T.A.,  truncus 

arteriosus. 


small  opening  between  its  two  limbs  (ventriculo-bulbar  opening)  becomes  very 
much  larger;  that  is,  the  bulbo-ventricular  cleft  is  absorbed  and  the  dorsal  w-all 
of  the  bulbus  passes  into  the  ventral  wall  of  the  atrial  canal  at  the  bottom  of  a 
short  bulbo-atrial  cleft  (fig.  15).  There  is  now  a  common  ventriculo-bulbar 
cavity  into  the  left  posterior  part  of  which  the  atrial  canal  opens  and  from  the 
right  anterior  part  of  which  the  distal  part  of  the  bulbus  leads.  In  the  floor  of 
the  common  chamber  a  sagittally  placed  ridge  appears.  This  is  the  commence- 
ment of  the  ventricular  septum  and  is  the  first  indication  of  the  division  of 
the  ventricular  cavity  ;  its  position  is  marked  on  the  surface  of  the  ventricle  by  a 
shallow  sulcus,  the  anterior  interventricular  groove  (fig.  14).  It  will  be  noted  that 
the  right  ventricle  is  formed  from  the  right  portion  of  the  transverse  part  of  the 
primitive  loop  and  its  ascending  (bulbar)  limb,  and  is,  therefore,  a  composite 
chamber  ;  but  there  is  no  demarcation  between  its  two  parts  in  normally  developed 
hearts.  (See  further,  "  Development  of  the  Ventricles  "  and  "  Anomalies  of  the 
Heart.") 

The  relative  position  of  the  several  parts  now  achieved  is  maintained  through 
all  the  subsequent  phases  of  the  development  of  the  heart.  The  further  changes 
in  the  chambers  will  best  be  described  after  an  account  has  been  given  of  their 
adult  form,  and  they  are,  therefore,  included  in  the  descriptions  of  them. 
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THE  EXTERNAL  FORM  OF  THE  HEART  \ 

Thf  heart  is  a  hollow  organ.     Its  walls  are  formed  chiefly  of  muscle,  the  I 

cardiac  muscle  or  myocardium.     Its  cavity,  however,  is  divided  by  a  longitudinal  j 

muscular  septum  into  right  and  left  halves,  and  each  of  these  halves  is  subdivided  ' 

by  a  transverse  constriition   into  two  compartments,   named,   respectively,   the  I 
atrium  and  the  ventricle  :   and  the  wide  opening  through  which  these  chambers 
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uate  with  each  other  is  named  the  atrio-ventricular  orifice  (ostium 

Ill,  H.N  .A.). 

The  general  form  of  the  heart  '  is  that  of  a  blunt  cone,  a  little 
flattened  from  front  to  back  and  somewhat  uneven  on  its  surface.  The 
broader  end  or  base  of  the  heart  (basis  cordis),' formed  by  the  posterior  surface 


of  course,  on  its  functional  state,  that  is,  whether  it 
ted  or  relaxed  ;    the  description  Riven  here  refers  to  the  distended  or  diastolic  hearty 
.  ,.,,.,,1..  .i  in  the  thoracic  cavity  and  without  section  of  the  great  vessels  attached  to  it. 

■  Thi»  i»  not  the  "  Iwisr  of  the  heart  "  as  defined  in  clinical  medicine  :    the  term,  as  used  there, 
i»  npplird  to  that  part  of  the  anterior  surface  from  which  the  aorta  and  pulmonary  artery  arise. 
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of  the  atrial  chambers,  is  directed  backwards,  upwards,  and  to  the  right,  and 
is  placed  opposite  the  fifth,  sixth,  seventh,  and  eighth  thoracic  vertebrae;  while 
the  apex  (apex  cordis),  bluntly  rounded,  points  forwards,  downwards,  and  to 
the  left,  and,  under  cover  of  the  anterior  border  of  the  left  lung  and  the  pleura, 
lies  deep  to  the  fifth  left  intercostal  space  about  3|  in.  from  the  middle  line. 
The  heart,  therefore,  has  a  very  oblique  position  in  the  chest;  and  indeed,  as 
may  be  seen  in  fig.  16,  the  axis  from  the  apex  to  the  centre  of  the  base  lies  more 
nearly  in  a  horizontal  than  in  a  vertical  plane  ;^  it  passes  from  behind  forwards, 
downwards,  and  to  the  left.  (On  the  external  form  of  the  heart  in  man  and 
other  mammals,  see  Patten.) 

The  heart  is  attached  at  its  base  to  the  great  veins  which  enter  its  atria  and 
to  the  pulmonary  artery  and  systemic  aorta  which  leave  its  ventricles,  but  other- 
wise it  is  entirely  free  and  movable  within  the  sac  of  the  pericardium.  It  is 
customary  to  describe  three  surfaces  on  the  heart,  an  anterior  or  sterno-costal 


Coronary 
sulcus . 


Axis  of  heart. 


Fig.  17.— a  diagr.\m  of  a  longitudinal  section  through  the  heart  to  show  its 
SURFACES.     The  base  is  facing  the  vertebral  column. 

A.,  atria;    V.,  ventricles  ;    D.,  diaphragmatic  surface ;    S.-C,  sterno-costal  surface. 

surface,  an  inferior  or  diaphragmatic  surface,  and  a  posterior  surface  or 
base  ;    the  relative  position  of  these  surfaces  is  shown  in  fig.  17. 

The  anterior  or  sterno-costal   surface   (facies  sternocostal  is)  of  the  heart 

:  (fig.  18),  distinctly  convex  in  its  contour,  looks  forwards,  upwards,  and  to  the 

left.     It  lies  behind  the  sternum  and  the  third,  fourth,  fifth,  and  sixth  costal 

cartilages,  but  for  the  most  part  it  is  separated  from  them  by  the  pleurae  and 

!  the  lungs  and  only  a  small  part  of  it  remains  uncovered  (fig.  73).    This  surface 

■  is  divided  into  two  parts  by  a  deep  groove  which  is  placed  much   nearer  the 

'  base  than  the  apex  of  the  heart,  and  which,  while  transverse  to  the  long  axis  of 

i  the  heart,  is  more  nearly  vertical  in  direction  when  the  heart  is  in  its  normal 

position  in  the  thorax  ;   this  is  the  anterior  part  of  the  coronary  (atrio-ventricular) 

sulcus  (sulcus  coronarius)  and,  though  obscured  in  part  by  the  pulmonary  artery 

and  the  aorta,  clearly  separates  the  atria  above  from  the  ventricles  below.    This 

sulcus  is  continued  round  the  margins  of  the  heart  on  to  its  posterior  surface,  where 

^  The  usual  descriptions  of  the  heart,  therefore,  are  conventional,  for  in  them  the  heart  is 
considered  to  be  placed  vertically  with  its  apex  downwards.  In  its  normal  position  the  long 
ixis  of  the  heart  forms  an  angle  of  5.5°  with  the  vertical  (Hyrtl). 


THK    KXTKRNAL   FORM    OF   Till.    UKART  i 

it  intrnfTn  s  !»«i\\««ti  !h«-  It.iM-  of  the  heart,  formed  by  ihc  atria,  and  the  inferior 
or  diaphragmatic  surface  (facics  diaphraj;matica),  formed  by  the  ventricles 
(fig.  17).  The  diaphragmatic  surface  is  ahnost  horizontal  in  position  (Patten). 
It  is  much  smaller  than  the  sternocostal  surface.  It  is  flattened,  or  at  the  most 
only  slightly  convex  in  the  transverse  direction,  and  it  rests  <  hicfly  on  the  central 
tf  -  '  ■•  of  the  diaphragm,  but  towards  the  left  to  a  small  extent  also  on  its  muscle 
iU-    :-:-■  e. 

In  thr  firi  *'     .itriii  r\t<n.i  mi  to  .ind  form  p.irt  of  the  di.iphr.ifjm.itic  surfiK  p  of 

ihc  hriiri.     !'■  !t»<'  atri.i  as  forming  p.nrt  of  the  diaphr.-igmatic  surfar*  in  the  mJull, 

liul  the  dinnram  to  whirh  he  refers  (one  l»y  LfscnKA)  is  a  section  of  an  infant  of  eighteen  months. 
T"      '  '     !  the  right  atrium,  into  which  the  inferior  vena  r.iva  opens,  is  the  only  part  of 

I  ol  the  heart  whirh,  in  the  adult,  touches  the  diaphragm  (fig.  19). 

(Ml  the  right  and  below,  the  sternocostal  and  diaphrapmatir  surfaces 
are  separated  by  a  sharp  and  rather  thin  border,  the  margo  acutus.  This 
margin,  usually  a  little  concave  in  conformity  with  the  curvature  of  the  dia- 
phragm, is  almost  horizontal  in  position  and  occupies  the  angle  between  the 
diaphragm  and  the  anterior  wall  of  the  thorax.  The  coronary  .sulcus  is  deepened 
on  it  by  the  ovcrhanginp  of  the  right  atrium.  The  upper  or  left  border  of  the 
heart,  the  margo  obtusus.  is  shorter,  thicker,  and  more  rounded.  In  the 
diastolic  heart  it  is  .so  broad  that  it  is  better  described  as  a  surface  than  as  a 
border ;  and  since  its  relations  are  those  of  neither  the  sterno-costal  surface  nor 
the  diaphragmatic  surface,  for  it  is  directed  to  the  left  and  related  to  the  left 
lung  and  pleura,  it  is  best  named  the  "  left  surface  of  the  heart  "  (Poirikr). 
It  is  more  defmitely  separated  from  the  diaphragmatic  surface*  than  from  the 
sterno-costal  surface. 

The  coronan,-  sulcus,  it  has  been  noted  (fig.  17),  separates  the  postero-superior 
atrial  portion  of  the  heart  from  the  larger  antero- inferior  ventricular  portion. 

The  ventricular  portion  of  the  heart  is  conical  in  shape,  though  .somewhat 
flattened  from  from  lo  back.  Its  ba.se  is  directed  upwards  and  backwards  and 
is  continuous  with  the  atria  behind,  but  in  front  it  is  free  of  them  and  is  con- 
tinued into  the  pulmonar)'  arten,-  and  the  systemic  aorta  (fig.  20).  On  the 
ventricular  portion  there  are  two  longitudinal  interventricular  grooves,  one 
on  the  sterno-costal  and  the  other  on  the  diaphragmatic  surface,  which  extend 
from  the  coronan,-  sulcus  towards  the  apex  and  mark  its  division  into  right  and 
left  chambers.  The  anterior  furrow  (sulcus  longitudinalis  anterior),  which 
appears  from  Ixtween  the  j>ulmonar)-  artery  and  the  left  auricular  appendix, 
but  sometimes  is  scarcely  to  be  defined,  lies  nearer  to  the  left  side  of  the  heart, 
while  the  posterior  furrow  (sulcus  longitudinalis  posterior)  lies  nearer  to  th* 
right  side  ;  and  they  are  continuous  with  one  another  on  the  inferior  border  of  the 
heart  finly  a  little  to  the  right  of  the  apex  in  a  slight  depression,  the  incisura 
apicis  cordis.  In  the  normal  position  of  the  heart,  then,  the  left  ventricle 
lies  alx>vo  and  to  the  left  and  more  on  the  posterior  surface  of  the  heart,  and  the 
right  ventricle  lies  Inflow  and  to  the  right  and  more  on  the  anterior  surface 
(fig    I^). 

I  ii»  may  l»c  so  deep  thai  the  ajx-x  appears  doubled;    this  occurred  in  .3  at 

'        '        '  's  f>31  ca.srs.     It  is  not  so  infrequent  in  the  child,  and  U 

U-ing  oliliterate<l  about  the  12  mm.  stage  (sec  M.all). 

I*  •»  «  ' '  re  of  the  heart  in  Cetacea  and  Sircnia,  being  most  marked  in  the  dugong'i, 

"  '  'im<j  m  tnc  Indian  elephant  (but  sec  Rktzer,  jina/.  Retard,  vol.  vi.). 


•  TViere  is  often  a  well-definc4  edge  to  be  seen  Ijetween  the  lower  parts  of  these  surfaces 
-  the  nmrgin  of  the  diaphragmatic  surface. 


Fig.  18. — The  he.\rt  and  gre.vt  systemic  vessels  from  before.     (R.  Qu.'Mn.)    l. 

The  pulmonary  artery  has  been  cut  short  close  to  its  origin  in  order  to  show  the  first  part  of 
the  aorta.  1,  right  ventricle;  2,  left  ventricle;  3,  root  of  pulmonary  artery;  4,  arch  of  aorta; 
o,  right,  and  6.  left  auricular  appendage;  7,  superior  vena  cava  ;  8,  inferior  vena  cava. 


Fig.  19.— The  heart  and  great  vessels  fro.m  behind.     (R.  Quain.)    l. 

1,  right.  2,  left  ventricle:  3.  right  pulmonary  artery  near  the  division  of  the  main  trunk; 
5,  right  atrium  ;  7.  superior  vena  cava;  8,  inferior  vena  cava;  10  to  14.  jjulmonary  veins. 

[  To  J  ace  page  22. 
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Fig.  20a. — The  left  atrium  and  ventricle 
opened  so  .\s  to  show  their  interior. 
(Allen  Thomson.) 

The  commencement  of  the  pidmonary  artery 
has  been  cut  away,  .so  as  to  show  the  origin  of 
the  aorta  from  the  front  of  the  left  ventricle ;  part 
d.  the  atrium  with  its  appendix  has  been  removed, 
and  it  is  seen  to  lie  continuous  with  and  to  open 
into  the  back  part  of  the  ventricle.  1,  right 
pulmonary  veins  cut  short ;  1 ',  placed  within  the 
cavity  of  the  atrium  on  the  left  side  of  the  septum, 
on  the  part  formed  by  the  valve  of  the  foramen 
ovale,  of  which  the  crescentic  border  is  seen;  2',  a 
narrow  portion  of  the  wall  of  the  atrium  and 
ventricle  preserved  around  the  atrio-ventricular 
orifice;  3,  3',  cut  surface  of  the  wall  of  the  ven- 
tricle, seen  to  become  very  much  thinner  towards 
3",  at  the  apex;  4,  a  small  part  of  the  wall  of  the 
left  ventricle  which  has  been  preser\-ed  with  the 
anterior  papillary  muscle  attached  to  it;  5,  o, 
posterior  papillary'  muscles;  5',  the  left  side  of  the 
ventricular  septum ;  6,  the  anterior  or  aortic  seg- 
ment, and  6',  the  posterior  or  parietal  segment  of 
the  mitral  valve;  7,  placed  in  the  interior  of  the 
aorta  near  its  commencement  and  above  its  valve ; 
7',  the  exterior  of  the  great  aortic  sinus;  8,  the 
upper  part  of  the  conus  arteriosus  with  the  root  of 
the  pulmonary  artery  and  its  valve  ;  8',  the  separated 
portion  of  the  pulmonarj'  trunk  remaining  attached 
to  the  aorta  by  9,  the  ligamentum  arteriosum; 
10,  the  arteries  arising  from  the  aortic  arch. 


The  right  ventricle  thus 
forms  the  chief  part  of  the  .sterno- 
costal surface  and  a  small  part 
of  the  diaphragmatic  surface, 
and,  between  these  surfaces,  the 
margo  acutus  or  inferior  border 
of  the  heart  almost  but  not  quite 
asfar  as  theapex.  It  is  triangular 
in  shape  when  viewed  from  the 
front.     Its  upper    and    left    angle 


Post 
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Fig.  20b.— The  right  .a^trium  and  ven- 
tricle IN  DIAGRAMM.4TIC  SECTION. 
A.,  atrium  ;  V.,  ventricle.  The  arrows 
indicate  what  may  be  called  the  "  inflow- 
ing "  and  "outflowing"  parts  of  the 
ventricle. 

is  prolonged  above  the  coronary 
sulcus  in  a  conical  form  to  the 
commencement  of  the  pulmonary- 
artery.  This  is  the  most  promi- 
nently arched  part  of  the  ventricle 
and  is  named  the  conus  arteri- 
osus or  infundibulum. 

The  left  ventricle  forms  the 
"  left  surface  "  (margo  obtusus) 
of  the  heart,  a  small  part  of  the 
anterior  surface,  and  the  greater 
part  of  the  diaphragmatic  surface. 
The  origin  of  the  systemic  aorta 
from  the  base  of  the  ventricle 
cannot  be  seen  without  dissection  ; 
in  the  undissected  heart  it  appears 
on  the  right  side  of  the  pulmonary 
artery,  its  lower  part  overlapped 
by  the  right  auricular  appendix 
(fig.  18). 
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The  atrial  portion  of  the  heart  is  cuboidul  in  form,  its  long  axis  lying 
transvcr>ely  and  curved  with  the  concavity  forwards.  It  forms  the  base  of  the 
heart  and  the  upper  part  of  the  stemo-costal  surface  (fig.  17).  The  ba.sc  on 
the  whole  is  flat,  though  somewhat  concave  from  side  to  side,  and  is  irregularly 
(|ua(lrilateral  in  form;  it  is  limited  below  by  the  coronary  sulcus.  On  it  there 
are  the  o|Hnings  of  the  sujnrior  and  inferior  venie  cava-,  which  open  into  the  right 
atrium,  and  of  the  four  pulmonary  veins,  which  open  into  the  left  atrium  (fig.  19). 
The  .separation  of  the  two  atria  is  indicated  on  the  basal  surface  by  an  inter- 
atrial groove,  usually  quite  distinct ;  it  runs  vertically  immediately  to  the  right 
oJ  the  tjpenings  of  the  right  pulmonary  veins,  between  them  and  the  caval  orifices, 
and  extends  as  high  as  the  opening  of  the  superior  vena  cava.  The  sternocostal 
surface  of  the  atria  is  markedly  concave  forwards,  and  lying  in  the  anterior 
hollow  there  are  the  pulmonary  artery  and  the  systemic  aorta  (fig.  23). 
Each  atrium  is  continued  anteriorly  into  an  auricular  appendix  or  auricle 
(auricula),  and   these  parts  curve  forwards  and  embrace  the  two  great  arteries 

(fig.  2.3). 

The  right  atrium  occupies  the  right  portion  of  the  base  of  the  heart  and 
the  upper  and  right  part  of  the  stemo-costal  surface;  and  the  rounded,  convex 
lateral  margin  between  these  surfaces  forms  the  right  border  of  the  heart 
(fig.  18).  It  is  of  a  quadrangular  form,  the  vertical  diameter  (between  the  vena.' 
cavtc)  being  greater  than  the  transverse  diameter.  The  superior  and  inferior 
venar  cava*  open  into  it  at,  respectively,  the  upper  and  lower  posterior  angles, 
while  the  auricular  appendix,  a  tongue-shape'd  part,  projects  for%vards  from  the 
upper  anterior  angle  and  turns  to  the  left  over  the  root  of  the  aorta.*  The  main 
part  of  the  atrium  is  that  into  which  the  two  great  veins  pour  their  blood  ;  it 
is  commonly  named  the  sinus  venarum.  On  the  right  or  lateral  wall  of  the 
atrium,  and  most  apparent  on  the  distended  heart,  there  is  a  slight  groove,  often, 
however,  only  indift'erently  marked,  the  sulcus  terminalis  (of  His),  which  runs 
from  the  front  of  the  opening  of  the  superior  cava  to  the  right  side  of  the  opening 
of  the  inferior  cava ;  it  forms  the  right  boundary  of  the  sinus  venarum  and 
marks  it  off  from  the  atrium  proper.  The  sinus  area,  then,  on  the  surface  of  the 
heart,  is  bounded  by  the  interatrial  sulcus  behind  and  the  sulcus  terminalis  on 
the  right.  The  lower  and  posterior  part  of  the  atrial  area,  close  to  and  on  the 
right  side  of  the  sulcus  terminalis,  is  often  dilated  and  then  overhangs  the 
coronary  sulcus ;  this  dilatation  has  been  named  the  appendix  auricularis 
posterior  (His)  and  the  sub-Eustachian  sinus  (Keith),  its  position  being  below 
and  lateral  to  the  Eustachian  valve. 

The  left  atrium  tKcupies  the  left  portion  of  the  base  of  the  heart  and  hardly 
any  of  it,  except  its  appendix,  is  to  be  seen  from  the  front  unless  the  pulmonary 
artery  and  the  aorta,  which  are  in  contact  with  it,  are  cut  away  (fig.  23).  It 
receives,  on  its  posterior  surface,  two  pulmonary  veins  on  each  side,  those  from 
the  left  lung  entering  very  close  together  (sec  p.  35) ;  on  the  right,  on  account 
of  its  transverse  expansion,  it  often  overlaps  the  right  atrium  from  behind.  The 
auricular  apjnndix  extends  forwards  from  the  left  side  of  the  atrium  and,  over- 
lapping  the  coronary  sulcus,  curves  towards  the  right  side  resting  on  the  pulmonary  | 
artery.    It  is  more  curved  as  well  as  longer  and  narrower  than  the  appendix  of 


•  Th«*  bifurcation  of  the  right  auricular  appendix,  which  was  stated  by  OwF.N  to  be  a  constant 

marsupial  character,  has  been  shown  by  Ccnnincham  and  M'Clure  to  be  not 

n  the  hearts  of  higher  mammals;    "  the  free  edge  becomes  notched  as  a  result  of 

.  to  the  root  of  the  aorta  "  (.M'Clurf.).     In  seals  the  right  appendix  is  very  long 

■nd  reachc*  the  root  of  the  pulmonar>-  artery. 


1 


THE    EXTKRNAL    FORM    OF   TllF    HEART 


25 


the  right  atrium  and  its  margins  are  more  deeply  indented  and  sacculated;' 
and  between  it  and  the  atrium  there  is  a  deep  vertical  cleft. 

The  external  form  of  the  heart  does  not  vary  much,  even  when  there  is  a  considerable  depar- 
ture from  the  normal  arrangements  in  the  interior;  if  these  are  excessive,  however,  the  external 
form  will  reflect  them.     The  apex  of  the  heart,  as  already  pointed  out  (p.  22),  is  occasionally  bifid. 

The  heart  may  he  transposed  from  the  left  to  the  right  side  of  the  body;  usually  this  is 
associated  with  a  general  transposition  of  the  viscera  and  with  a  right  aortic  arch. 

There  are  two  classical  accounts  of  duplication  of  the  heart  (two  hearts)  in  the  human 
subject  (BoERHAVE  and  Meckel).  It  is  difficult  to  account  for  these  cases  unless  they  be 
instances  of  pseudo-duplication,  the  second  heart  being  a  herniated  piece  of  liver  with  a  cavernous 
structure,  as  has  been  described  in  the  rabbit  by  Thompson  (Proc.  Anat.  Soc,  p.  16;  Jour. 
Anat.,  vol.  xxxv.). 

The  heart  and  parts  of  the  great  vessels  w^hich  lie  within  the  pericardium 
are  covered  by  a  thin  transparent  membrane,  the  epicardium.  This  layer 
represents  the  visceral  layer  of  the  serous  pericardium,  which  is  continued  on 
to  the  heart  from  the  parietal  layer  at  the  attachments  of  the  great  vessels  to 
the  pericardium  (see  p.  132).  The  epicardium  is  attached  to  the  surface  of  the 
heart  by  a  layer  of  subepicardial  tissue  of  very  varying  thickness,  which  is 
directly  continuous  with  the  interstitial  fibrous  tissue  of  the  myocardium.     In 


t  ^^sas^^-'    '3'' 
Fig.  21.— Section  of  the  epicardium  over  the  left  ventricie.    (M.\nn.) 

a,  superficial  endothelium;  b,  elastic  fibres;  <r,  lamina  propria;  e,  blood  vessels;/,  fat  cells; 

h,  a  small  nerve;  i,  myocardium. 

it,  in  the  coronary  sulcus  and  the  interventricular  grooves,  there  lie  the  coronary 
vessels  and  the  nerves  of  the  heart,  before  they  dip  into  the  muscle  substance, 
and  a  system  of  lymphatic  vessels  connected  with  those  of  the  myocardium; 
and  there  is  developed  in  it  usually  a  considerable  amount  of  fat  in  which  these 
structures  are  embedded. 

The  fat  is  in  greatest  amount  on  the  ventricular  border  of  the  coronary  sulcus, 
along  the  margo  acutus,  and  in  the  anterior  and  posterior  interventricular  furrows, 
that  is,  along  the  course  of  the  main  vessels  ;  and  from  these  positions  it  extends 
in  strips  over  the  surface  of  the  heart  which  it  may  entirely  cover. 

The  epicardium  has  the  usual  structure  of  a  serous  membrane.  It  is 
covered  externally  by  a  layer  of  endothelium  of  irregularly  polygonal  cells,  the 
height  of  which  is  greater  in  the  contracted  than  in  the  relaxed  heart  (Soulie). 
Stomata  are  to  be  found  between  the  cells  (Skwartzoff).  The  substance  of 
the  membrane  (lamina  propria)  is  composed  of  connective  tissue  in  which  there 
is  a  considerable  amount  of  elastic  tissue,  collected  chiefly  in  a  network  in  the 
deeper  layers.  The  elastic  tissue  of  the  atrial  epicardium  is  continued  mto 
the  elastic  tissue  of  the  adventitia  of  the  veins,  but  that  of  the  ventricular 
epicardium  is  not  continued  into  that  of  the  adventitia  of  the  aortse  (Seipp). 

The  epicardium  appears  more  transparent  over  the  ventricles  than  over  the 


1  WiNSLOW  (1747)  compares  it  to  a  cockscomb.     It  varies  considerably  in  its  length. 
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atrin,  Inil  this  is  diu-  in  thr  (lrc|Hr  (oloiir  of  the  vcntri(  ular  myocardium.     In 
infla»mmntor>-  states  the  epirardium  may  become  perfectly  opaque. 

The  amount  and  the  extent  of  the  suhe|jicardial  fat  vary  preatly  in  different 
individuals.  The  fat  hej^ins  to  he  present  shortly  after  birth  (in  the  second  month. 
\V.  Mi  I.I. kr)  and  increases  continuously  till  old  age,  and  according  to  .Ml'Llkr 
the  amount  is  determined  by  the  same  causes  as  determine  the  amount  of  the 
general  Ixxly  fat.  Mi  i.lkr  further  states  that  with  an  equal  development  of 
the  sul)cutaneous  fat  the  amount  of  the  subepicardial  fat  is  greater  in  the  male 
than  in  the  female.  If  the  amount  of  the  fat  is  very  great  it  accumulates  in  the 
furrows  and  along  the  margo  acutus  in  fissured  ma.sses  and  may  extend  as  a 
layer  over  the  greater  part  of  the  heart,  being  in  smallest  quantity  on  the  ba.sal 
and  diaphragmatic  surfaces;  and  in  such  conditions  it  may  al.so  be  found  in 
the  larger  interspaces  of  the  myocardium  and  even  beneath  the  endocardium. 
A  semicircular  fold  of  fat  (repli  prcaorticjue,  Tf.stit  ;  plica  semilunaris, 
RiNPFi.Kiscn)  round  the  front  of  the  aorta  at  the  upper  margin  of  the  right 
auricular  appendix  is  almost  always  to  be  found,  especially  in  old  people  in 
whom  it  is  present  even  when  the  rest  of  the  fat  is  small  in  amount.  Another 
fold  which  ascends  from  the  coronary  sulcus  along  the  right  side  of  the  conus 
arteriosus  has  been  named  the  plica  infundibularis  :  but  the  configuration  of 
the  fat  in  the  coronary-  sulcus  and  neighbouring  parts  must  be  greatly  influenced 
by  the  form  and  position  of  the  auricular  appendages. 


THE  INTERIOR  OF  THE  HEART' 

The  whole  inner  surface  of  the  heart,  and  the  papillary  muscles,  the  chordie 
tendinea;,  and  the  cardiac  valves,  are  covered  with  a  layer  of  endocardium.' 
which  gives  to  them  their  smooth  and  glistening  appearance.  On  its  Ircc  surface 
the  endocardium  carries  an  endothelial  layer,  and,  functionally  at  least,  it  is 
the  equivalent  of  the  tunica  intima  of  the  blood-vessel  wall.  It  varies  consider- 
ably in  thickness  in  different  j)arts  of  the  heart,  but,  in  a  general  way,  may  be 
.said  to  be  inversely  proportional  to  the  thickness  of  the  underlying  myocardium  ; 
it  is,  therefore,  thicker  (tour  to  five  times,  v.  Ebnkr)  in  the  atria  than  in  the 
ventricles.  It  becomes  very  much  thicker  in  the  atria  in  old  age  and  may  even 
be  thicker  than  the  myocardium.  Where  it  is  specially  thick  it  is  white  and 
opaque,  but  where  it  is  thin  the  colour  of  the  muscle  is  .seen  through  it.  It  is 
most  easily  removed  where  it  is  thickest. 

The  endocardium  incrca.sos  vrry  nnich  (uIkjuI  four  times)  in  thickness  from  the  lime  of  liirth 
until  adult  imv.  In  the  adult  it  is  fairly  uniform  in  its  thickness  (•25  mm.)  in  the  left  atrium. 
I>ut  in  the  ripht  atrium  it  is  irrepularly  ihick,  l>eintj  thicker  at  the  free  horderof  the  annulus  ovalis. 
over  the  toruH  lowrri.  in  the  sinus  region  and  at  the  mouths  of  the  great  veins,  and  thinner 
over  the  s<-ptum  an<i  the  nuisculi  jx'clinali.  In  the  ventricles  it  is  much  thicker  in  the  "  out- 
ilowing  "  than  in  the  "  inflowing  "  parts,  and  this  ditTerencc  is  more  marked  in  the  left 
than  in  the  right  ventricle;  l>ut  thick  and  thin  areas  arc  often  to  Ik?  seen  scattered  irregularly 
nvcT  the  venlrictdar  walls,  sometimes  passing  gradually  into  one  another  hut  .sometimes  sharply 
dcmarr.t'-'      '  >n  the  left  si<le  of  the  ventricular  septum  the  endocardium  almost  always  shows 


'  The  metho-t-  .f  <.--ning  the  heart  arc  dcscriljcd  In  text-books  of  practical  anatomy  ;   special 
diMcction*  ore  1  l.v  Vf.rmks,  .-/«<»/.  ./««.,  Bd.  Ix.,  1920. 

■V  that  the  endocardium  has  been  considered  a  separate  layer 

<>' '  ;   t  sj>ecially  directed  to  it  in  thestudy  of  cndocarditir  affections, 

*od  it  ;  J  that  BoflLt^ND,  in  his  de.scriptions  of  endocarditis,  in  1835,  was  the 

fi'*^'  '!«;  t«.-<n)  eitdocMrdium. 
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lon'Titudinal  white  markings,  whicii  only  in  small  part  Leiong  to  the  ramifuations  of  the  atrio- 
ventricular system  (see  p.  83).  On  the  trabecuhie  and  the  papillary  muscles  the  endocardium 
is  very  thin ;  on  the  former  it  is  thicker  on  the  surface  facing  the  cavity  of  the  ventricle  and  on 
the  latter  on  the  surface  facing  the  "  outflowing  "  part  of  the  chamber. 

The  endocardium  appears  never  to  be  thrown  into  folds  in  any  phase  of  cardiac  contraction, 
a  circumstance  due  to  the  large  amount  of  elastic  tissue  it  contains.  This  tissue  is  said  to  be 
stretched  in  diastole  and  to  be  in  its  rest  phase  in  the  systolic  heart  (Tandler). 

Microscopic  Structure. — The  .structure  of  the  endocardium  varies  at  different  parts  of 
the  heart,  and  this  may  well  account,  in  part  at  least,  for  the  different  number  of  layers  which 
have  been  described  in  it  by  different  authors.  In  general,  however,  it  may  be  said  to  consist 
of  three  layers,  (a)  an  endothelial  layer,  (b)  a  membrana  propria,  and  (c)  a  subendocardial  layer. 

(a)  The  endothelial  layer  consists  of  a  single  stratum  of  characteristic  endothelial  cells, 
which  are,  however,  more  isodiametric  than  the  corresponding  cells  of  the  blood-vessel  wall. 

(d)  The  membrana  propria  shows  considerable  variation  in  its  structure  at  different  parts. 
Next  to  the  endothelium  there  is  a  loose  layer  of  delicate  fibrillar  tissue,  the  subendothelial 
layers  of  some  writers  (Koniger,  Mann),  and  external  to  this  a  stronger  connective  tissue  layer 
which  contains  a  consideral)le  amount  of  elastic  tissue.  In  the  inner  part  of  this  layer  the  elastic 
fibres  form  membranes,  which  resemble  the  elastic  membranes  of  the  aorta  on  the  atrial  wall 
close  to  the  atrio-ventricular  orifice,  and  the  internal  elastic  membrane  of  a  medium-sized  blood 


—  —      ■^...fc. '  .  "*■' — "'\  v*>'*  rf*^ — 'iiT' cr^^ 
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Fig.  22.— Endocardium  of  right  .atrium.    (Mann.) 

a,  endothelial  layer;  d,  layer  of  loose  fibrous  tissue;  c  and  e,  elastic  tis.sue;  r/,  coarser  filjrous 
tis.sue  ; /,  subendocardial  layer;  g-,  myocardium. 


vessel  in  the  upper  parts  of  the  ventricles  (LU.SCHKA,  Seipp,  v.  Ebner)  ;  while  in  the  outer 
part  of  the  layer  the  elastic  fibres  are  coarser  and  are  not  grouped  together.  There  are  also  to  be 
found  in  the  membrana  propria  non-striped  muscle  fibres,  as  was  first  pointed  out  by  Schwiegger- 
Seidel,  and  afterwards  confirmed  by  Ranvier,  Albrecht,  Renaud,  and  Nagayo.  They 
generally  lie  in  the  outer  fibrous  tissue,  but  may  extend  into  the  inner  layer.  They  are  most 
abundant  in  the  "  outflowing  "  part  of  the  left  ventricle,  especially  on  the  smooth  part  of  the 
septal  wall  and  on  the  surface  of  the  papillary  muscles  which  face  into  this  cavity;  they  are 
less  abundant  under  the  pulmonary  orifice  and  in  the  atria,  and  according  to  Koniger  there  are 
a  few  fibres  in  the  atrio-ventricular  valves.  (The  smooth  muscle  is  large  in  amount  in  the  reptilian 
heart;  see  Sh.\ner,  AnaL  Record,  vol.  xxv.)  Both  elastic  and  muscle  fibres  are  absent  during 
foetal  life.  At  birth  the  elastic  fibres  have  been  said  to  be  very  sparse  and  the  smooth  muscle 
fibres  hardly  to  be  recognised  (Nagayo),  but  Miller  and  Perkins  (Amcr.  Jour.  AnaL,  vol. 
xxxix.,  1927)  have  demonstrated  a  considerable  amount  of  elastic  tissue  in  the  heart  of  an 
infant  two  days  old;  but  this  tissue  undoubtedly  increases  during  life  and  is  very  markedly 
increased  in  amount  in  old  age. 

(<:)  The  subendocardial  layer  attaches  the  membrana  propria  to  the  underlying  tissues. 
It  consists  chiefly  of  fibrous  tissue  in  which  scattered  coarse  elastic  fibres  are  present;  and 
adipose  tissue  is  also  frequently  found  in  it.  The  terminal  ramifications  of  the  atrio-ventricular 
bundle  lie  in  this  layer  and  it  carries  also  a  vascular  network,  the  membrana  propria  being 
avascular;  Langer,  however,  considers  these  vessels  to  be  the  vessels  of  the  unstriped 
musculature  (see  p.  46). 

The  question  of  the  homology  of  the  endocardium  and  the  layers  of  the  peripheral  blood- 
vessel wall  cannot  be  said  to  be  decided.     The  older  view  is  that  the  endocardium  corresponds 
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Id  iKc  lunira  intimn  of  the  vctoci  wall,  l>uf  the  view,  first  stated  Ly  LUSCHKA,  that  it  corresponds 
to  the  whole  thickness  of  the  vessel  wall,  nnd  that  the  myocardium  is  an  additional  mantle  not 
rrprr<icntr.l  in  the  vessel,  has  now  rcceivc<l  considerable  supjKjrt  (Nagayo,  Koch,  Mann). 
The  ditVuultics  of  this  latter  homology,  however,  especially  at  the  arterial  orifices  (sec  p.  49), 
have  l>cen  frequently  |K>inted  out  (KuLI.IKKR,  SkipiO,  and  a  third  view,  that  the  endocardium 
mrrcs|)onds  to  thr  intim.i  and  media  and  that  the  adventitia  is  represented  by  the  fibrous  tissues 
of  the  myocardium  and  of  the  sulnrndocardial  and  subepicardial  layers  and  contains  the  myo- 
rardium.  has  licen  advanced  Ly  Favaro.  The  older  view,  it  must  l^  admittc-d,  is  expressed 
entirely  on  a  functional  basis.  It  must  also  be  admitted,  however,  that  it  is  not  possilile  directly 
to  follow  the  individual  layers  of  the  vessel  wall  on  to  so  modified  a  part  of  the  system  as  the 
heart,  or  even  to  hold  that  an  apparent  continuity  is  evidence  of  an  homology.  LU.SCHKA  sought 
to  establish  his  view  by  showing  that  the  atrial  endocardium  is  continuous  with  the  whole  wall 
of  the  entering  veins,  the  sul>endocardial  layer  (c)  being  homologous  with  the  advcntitia.  Seipp, 
in  his  studies  of  the  elastic  tissue  of  the  heart,  showed  that  the  elastic  tissues  of  the  aorta  and 
pulmonar>-  artery  originate  quite  independently  of  those  of  the  heart  and  that  the  presence  of 
the  fibrous  rings  at  the  orifices  precludes  any  continuity  between  them.  An  appeal  to  the 
developmental  history  of  the  parts  seems  to  define  the  problem  best.  On  this  basis  a  strict  homo- 
logy may  l>e  established  between  the  endothelial  layers,  and  it  can  only  further  be  stated  fliat 

R.A.A. 
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Fic.  23.— Diagram  of  a  transverse  section  throlgh  the  atria. 
L.A..\..  k.A.A.,  left  and  right  auricular  appendages;    P. A.,  pulmonary  artery;    A.,  aorta; 
I..P.\'.,  k.l'A'.,  left  and  right  jjulmonary  veins. 

^■^  '       remainder  of  the  heart  wall  may  be  derived  from  the  myo-epicardial  mantle  of  splanchnic 

'1  '  the  remainder  of  the  vessel  wall  is  probably  derived  from  the  surrounding  mesoderm. 

A  fuller  statement  can  be  made  only  when  the  origin  of  the  fibrous  tissue  and  muscular  elements 
«.:'    '  locardium.  either  from  the  endothelium  or  from  the  mvo-cpicardial  mantle,  is  definitely 

.  .1. 

The  features  of  the  interior  of  the  four  chambers  of  the  heart  are  so  difTerent 
that  each  of  them  requires  to  be  described  separately  ;  but  to  appreciate  the 
relations  of  each  chamber  to  its  fellow  of  the  opposite  side  and  to  understand 
the  names  which  are  given  to  its  different  walls,  it  is  an  advantage  to  study  first 
transverse  sections  of  the  heart  through  the  atria  and  through  the  ventricles.^ 

The  Atria.  A  transverse  section  through  the  atria  (fig.  23)  .shows  their  general 
concavity  forwards  and  the  flattened  dor.sal  wall  ;  and  demonstrates  that  the 
septum  which  separates  them  is  obliquely  placed,  running  from  in  front  back- 
wards and  to  the  right.  The  left  atrium,  cuboidal  in  form,  lies  behind  the 
pulmonar)'  artery-  and  the  aorta  ;    it  forms  much  more  of  the  base  of  the  heart 

'  For  convenienre  of  description  the  heart  is  now  supposed  to  be  in  its  conventional  position, 
that  is  to  be  placed  vertically  with  the  apex  downwards. 
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than  does  the  right  atrium.  The  posterior  wall  of  the  right  atrium  is 
narrow  and  at  the  crista  terminalis  is  continued  into  the  lateral  or  right  wall. 
The  anterior  walls  of  the  two  atria  meet  one  another  and  are  continued  into  the 
septum  at  a  definite  angle  which,  placed  as  it  is  behind  the  aorta,  may  be  named 
the  aortic  angle  (Keith).  In  the  floor  of  each  atrium  lies  the  atrio- ventricular 
orifice  (fig.  20). 

Right  Atrium  .—The  cavity  of  the  right  atrium  is  of  an  irregular  quadrilateral 
iorm.     Its  longest  axis  lies  between  the  openings  of  the  superior  and  inferior  vense 


Sup.  vena  cava 


Eustachian  /  \ 
valve. 


Alusculi  pectinati 


Fig.  24.— Dissection  of  the  right  atrium.     (Drawn  Ijy  A.  K.  Maxwell.)    The  crista 
terminalis  is  shown  cut  in  front  of  the  left  edge  of  the  superior  vena  cava. 

cavse  and  is  vertically  placed,  running  from  above  downwards  in  the  normal 
position  of  the  heart  (fig.  19).  The  posterior  and  the  medial  (or  septal)  walls 
present  a  smooth  and  even  surface,  and  in  the  part  of  the  cavity  which  they  bound, 
the  sinus  venarum  part  of  the  atrium,  there  are  seen  the  openings  of  the  superior 
and  inferior  venae  cavae,  the  former  directed  downwards  and  forwards  and  the 
latter,  larger  ^  and  placed  a  little  further  back,  directed  upwards  and  forwards. 
The  sinus  part  of  the  atrium  is  limited  on  the  right  side  by  a  vertical  muscular  ridge, 
the  crista  terminalis,  which  corresponds  in  position  to  the  sulcus  terminalis 
on  the  external  surface.  The  smoothness  of  this  part  of  the  atrium  is  distinctive,  for 
almost  the  whole  of  the  rest  of  the  interior,  the  atrium  proper,  is  ridged  with  parallel 


The  diameter  of  the  superior  cava  is  18  to  22  mm.,  and  of  the  inferior  cava  27  to  36  mm. 
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elevations  iK-twccn  which  there  are  narrow  deep  depressions.  The  elevations  arc 
producc<l  hy  muscle  bundles  named  the  musculi  pectinati.  They  spring  from 
the  crista  tcrminalis  and  run  forwards  at  riglu  angles  from  it.  On  the  lateral 
(or  right)  wall  of  the  atrium  tluy  lie  horizontally  and  parallel  and  there  are  few 
junctions  In-tween  them,  Iml  further  forwards  they  are  more  vertical  in  direction 
and  the  connections  between  the  columns  so  increase  that  a  muscular  network 
is  formed .  This  network  reaches  its  greatest  complexity  in  the  auricular  appendix , 
the  musculi  forming  there  a  closely  set  reticulum,  the  larger  trabecula;  of  which 
are  vertical  ;  and,  towards  its  apex,  some  of  the  bands  free  themselves  from 
the  wall  and  pass  across  the  cavity.  The  general  direction  of  the  musculi  is  towards 
the  iUrio-ventricular  orifice  near  which  they  terminate  rather  suddenly,  usually 
after  dividing  into  smaller  bands ;  and  sometimes  they  appear  to  end  in  a  semi- 
circular ridge  which  lies  about  }  in.  above  the  margin  of  the  orifice.  Musculi 
pectinati  are  absent  in  the  neighbourhood  of  the  atrio-ventricular  orifice ; 
they  are  also  absent  in  the  sub-Eustachian  diverticulum. 

The  taenia  sagittal  is  is  the  nann:  given  to  a  prominent  muscle  band  which  arises  from  the 
crista  tcrminalis  near  the  left  side  of  the  superior  cava  and  passes  forwards  over  the  roof  of  the 
atrium.  If  it  represents,  as  is  commonly  held,  the  septum  spurium  (p.  39),  then  the  septal  part 
of  the  crista  tcrminalis  belongs  to  the  left  venous  valve. 

The  crista  terminalis  begins  on  the  upper  part  of  the  medial  (septal)  wall, 
and  from  its  origin  arches  from  the  medial  to  the  lateral  side  in  front  of  the 
orifice  of  the  superior  vena  cava,  which  thus  comes  to  have  a  definite  sharp  border 
in  front  and  on  the  right  side  (fig.  26).  The  crista  then  follows  an  arched  course 
on  the  posterior  wall,  near  its  junction  with  the  lateral  wall  (fig.  2.3)  along  the 
anterior  margin  of  the  sulcus  tcrminalis  (p.  24),  and  ends  by  dividing  into  a 
number  (three  to  six)  of  smaller  bands  which  are  continued  towards  the  atrio- 
ventricular orifice  and  end  on  the  lateral  side  of  the  posterior  part  of  the  Eustachian 
valve.  The  crista  is  formed  by  a  large,  well-defined  muscle  bundle,  the  de.scription 
of  which  is  given  with  the  heart  musculature  (p.  72). 

The  atrial  wall  behind  the  crista  tcrminalis  is,  as  already  stated,  perfectly 
smooth.  It  is  continued  upwards  and  downwards  into  the  posterior  walls  of  the 
upper  and  lower  cavae,  there  being  no  definition  on  the  surface  of  the  transition 
from  the  atrium  to  the  veins.  The  part  of  the  atrial  wall  between  the  two  caval 
orifices  is  convex  towards  the  atrial  cavity,  the  height  of  the  convexity  forming  a 
rounded,  horizontally  placed  ridge,  which  is  namcil  the  intervenous  tubercle 
(or  torus)  of  Lower  (tuberculum  intervcnosum,  Loweri)  (fig.  24). 

\'cr)'  great  differences  of  opinion  have  licen  expressed  on  the  form  and  even  of  the  existence 

cif  ihis  tuU-rcle.     I^>WKR  himself  (lOOJM  describes  it  as  follows:    "  Itaque  ante  limen  auricula; 

M-  ncm|K-  eo  loci  ubi  vena  cava  asccndens  cum  descendcnte  congra-ssa  alveum  suum  in  auri- 

■w  cordis  exonerare  parata  est,  tuberculum  quoddam  a  subjecta  pinguedine  elatum  et  notatu 

dignum  occurrit.  cujus  obtentu  sanguis  per  venam  desccndentem  delapsus  in  auriculam 

:titur,   qui   alioquin   in  venam  ascendenlem  decumbens  .sanguinem   per  istam  cor  versus 

—  .rgentcm  reprimerct  valdc  et  retardaret."     Hai.i.kr  completely  denies  the  existence  of  the 

I'll-rcic  and  Crivkiuiikr,  .SapI'V,  and  esj>ccia!ly  Poirikr,  also  deny  its  presence.     Retzics 

hiui  |x>intc<l  out  that  the  tliagrams  given  by  LoWKR  do  not  correspond  to  the  usual  findings, 

but    he   supports    Lowkk's    general    statements   and    physiological    deductions.     According   to 

Ll'scHRA  the  so-called  tulxrcle  of  Lower  is  a  necessary  consequence  of  the  direction  of  the  two 

'    IiIo<k1   streams   and   not  an   inde|>endent   formation :  while   concerning   it   Heme   s.iys : 

I,  r  ,1.  r  n.fTnung  <ler  Vena  cava  superior  folgt  der  quere,  an  der  aus.seren  Fliiche  durch  eine 

'  dcutctc  Wulst,  Tulx-rculum   (Loweri),  der  sich  wie  ein  scharfkantiger  Wall 

a  der  Itoitlen  Hohlveven  erhebt  und  die  aus  lieiden  Miindungen  kom- 

mdient.     Kin  durch  die  Diche  der  oWren  Wand  des  .\triums  senkrecht 

auf  diesscn  Wulst  grfflhrter  Purchsrhnit  zeigt.  dass  derselbe  seine  Form  einer  F.inlagerung  von 
Fctt  vcrdnnkt,  welches  zwie  Schnichten  der  Mu.sculatur  von  einander  scheidet.  von  denen  die 
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fine  der  Einbeigung  folgt,  wiihrend  die  anderc  iilicr  diesclbe  hinwegzieht."  Hyrtl  admits 
the  existence  of  the  tubercle  in  the  embryo,  but  in  the  adult  it  appears  to  him  to  be  so  indeterminate 
th;)t  it  is  not  easily  recognised.  According  to  ToLDT  the  tubercle  is  formed  because  the  right 
atrium  is  bent  round  the  left  atrium  in  the  same  manner  in  which  the  right  ventricle  is  jjcnt 
round  the  left  ventricle. 

Without  further  discussion,  while  it  must  be  admitted  that  the  illustration  given  by  Lowkr 
does  not  express  the  actual  conditions,  for  there  is  .shown  by  him  a  great  thorn-like  process,' 
it  may  be  said  that  a  tubercle,  most  frequently  appearing,  as  described  above,  in  the  form  of 
a  transverse  rounded  ridge,  is  always  to  be  found  in  the  well-fixed  heart,  but  may  not  be  ob-served 
in  the  flaccid  untixed  heart  removed  for  post-mortem  examination.  It  can  be  more  readily 
recognised  if  it  be  remembered  that  the  axes  of  the  two  caval  blood  streams  (in  the  foetus  even 
more  than  in  the  adult)  arc  not  in  the  same  straight  line,  but  form  with  one  another  an  angle 


Left  cor.  art . 


C.T. 
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Fig.  25.— Ca.st  of  the  interior  of  the  heart  viewed  from  the  posterior  surface. 
(f  net  size.     From  Tandler's  "Anatomic  des  Herzens  "  (Gustav  Fischer,  Jena).) 

The  form  of  the  right  and  left  atria  is  shown.  There  are  three  right  pulmonary  veins  in  this 
heart.  P.  A.,  pulmonary  artery  ;  A.,  aorta;  S.C.V.,  superior  vena  cava  ;  C.T.,  crista  terminalis ; 
I.V.C.,  inferior  vena  cava;    C.S.,  coronary  sinus. 


open  backwards.  Because  of  this  angulation  there  normally  will  be  a  forward  convexity  of 
the  posterior  sinus  wall  between  the  two  cava!  openings.  That  this  angulation  is  in  realit}-  the 
normal  form  may  be  shown  in  the  following  way  (Tandler)  :  If  a  heart  enclosed  in  the  peri- 
cardium be  removed  from  the  body  and  the  pericardium  opened  from  the  right,  the  angular 
position  of  the  two  venae  cavee  to  one  another  in  the  unfilled  heart  will  be  seen;  and  it  will  not 
be  possible  to  obliterate  this  angle  by  pulling  on  the  two  cava;,  on  account  of  the  pericardium 
which  extends  from  the  entrance  of  the  upper  to  the  entrance  of  the  lower  vein.  If  this  piece  of 
pericardium  ^  be  cut  through  the  angle  may  be  readily  obliterated.  The  tubercle  of  Lower, 
however,  is  more  than  the  mere  expression  of  the  apex  of  this  angle,  towards  which  the  two  caval 


1  The  heart  figured  by  Lower  is  almost  certainly  not  a  human  heart ;    it  is  probably  that 
of  a  dog. 

2  This  piece  of  pericardium  will  transmit  the  piill  of  the  diaphragm  from  the  inferior  caval 
orifice  to  the  superior  cava  and  the  root  of  the  lung. 
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hlood  »trc«nis  run,  for,  as  will  I*  described  morf  fully  later,  there  is  to  be  found  here  a  variably 
dcvrlopcd  muscle  bundle  which  runs  laterally  from  the  atrial  septum  to  the  crista  terminalis 
and  forms  the  Iwisis  of  the  tul>crc!c  (p.  72).  Kf.ITII  has  fully  described  this  muscle  band 
and  pointol  out  its  im|>ortan(r.  Since  the  tuU-rcle  is  not  a  tubercular  elevation  as  descril>ed 
by  I.OWRR.  but  most  frequently  is  a  transversely  running  ridge,  it  has  been  suRgested  that  the 
name  "  torus  "  should  l>e  use<l  for  it  (Tandlf.r).  The  f.itt>'  pad  described  by  Hf.nlk  can  \jc 
recognised  in  section  macroscopically  and  it  will  l)C  seen  that  it  lies  not  only  on  the  surface  of  the 
atrium  but  actually  in  the  atrial  wall,  so  that  one  layer  of  musculature  lies  dorsal  and  another 
ventral  to  it. 

In  most  pronograde  mammals  the  ridge-like  torus  is  ver>'  much  more  strongly  developed  than 
in  man,  without  there  necessarily  Wing  any  increase  in  the  angle  of  convergence  of  the  two 
venjc  cavil',*  and  in  these  instances  there  is  a  much  more  strongly  developed  band  of  muscle. 
The  ridge  is  most  strongly  devi-inptil  in  the  heart  of  the  seal,  in  which  it  forms  almost  a  septum 
Iwtween  the  openings  of  the  two  cava;.  The  condition  in  the  horse  is  somewhat  similar,  and 
in  the  dog  it  is  well  developed. 

The  orifice  of  the  superior  vena  cava  is  oval  in  shape  and  very  oblique 
in  the  normal  position  of  the  heart,  the  lateral  end  being  much  lower  than  the 
medial  end.  The  anterior  margin  of  the  orifice  is  formed  by  the  crista  terminalis 
and  the  indefinite  medial  margin  largely  by  the  septum  ;  the  posterior  and 
lateral  walls  of  the  vein  are  continued  into  the  atrial  wall.  In  rare  cases  the 
orifice  is  flanked  laterally  and  in  front  by  a  valve,  a  persistent  upper  part  of  the 
right  venous  valve  (Turner, /o//r.  Ana/.,  vol.  iii. ;  Johnston,  ti/d.,  vol.  xlix.). 
The  orifice  of  the  inferior  vena  cava  is  oval  in  shape  and  obliquely  placed,  the 
lateral  end  being  higiur  than  ihc  medial  end.  Its  posterior  wall  is  formed  by 
the  septum  and  is  continued  into  the  floor  of  the  fossa  ovalis.  while  it  is  flanked 
in  front  and  partly  covered  by  a  semilunar  fold,  the  Eustachian  valve  or  the 
valve  of  the  inferior  vena  cava  (valvula  vena;  cavae  inferioris)  (fig.  24).  This 
structure,  a  rudiment  of  the  right  sinus  valve  of  the  heart  of  the  embryo,  is  of 
ver\'  great  variability  in  its  size  and  form.  Its  convex  border  is  continuous  with 
the  anterior  margin  of  the  caval  orifice,  and  from  there  it  is  prolonged  in  front 
into  the  anterior  limb  of  the  limbus  fossse  ovalis  and  behind  on  to  the  posterior 
wall  of  the  atrium  in  the  groove  which  lies  between  the  inferior  vena  cava  and 
the  sub- Eustachian  diverticulum.  In  the  foetal  heart,  its  free,  concave,  cranial 
border  is  directed  upwards  and  medially,  and  it  is  then  of  great  functional 
significance  for  it  directs  the  blood  stream  from  the  inferior  vena  cava  towards 
the  open  foramen  ovale  (fig.  26).     (See  further,  p.  33.) 

The  Eustachian  valve  of  the  adult  heart,  which  is  derived  only  from  the  basal  part  of  that 
portion  f)t  the  right  venous  valve  which  bounds  the  inferior  caval  orihcc  in  front,  is  of  varjing 
height  and  in  verj'  few  instances  does  it  exceed  1  cm.  Very  often  it  is  perforated  and  it  may 
even  present  the  ajipcaranre  of  a  network  or  a  delicate  trellis.  Forms  in  which  the  network 
has  reached  great  comjilexity  have  l)een  described  by  Hali.kr,  Gegenb.mkr,  Cni.\Rl,  and 
Lai;enstein  ;  and  Chiari  has  described  similar  retrogressions  of  the  right  venous  valve  and 
•h'  riiim  in  a  case  (»f  malformation  of  the  heart.     Network  formations  on  the  lower 

pai  .1  ovidis,  medial  to  the  opening  of  the  inferior  vena  cava,  have  been  frequently 

described  (I>owER,  Weber,  Cimari,  Oppenheimer)  ;  they  consist  of  rudiments  of  the  left 
veil  '  v  ;    and  those  ilescriln-d  by  VVebkr,  in  the  form  of  a  network  at  the  posterior  lx>rder 

of  !  ovalis,  medial  to  the  orifice  of  the  superior  cava,  are  also  very  frequently  to  be  found. 

Between  this  network  and  the  septum  a  small  slit-like  space  may  exist  which  Weber  believes 
to   Ik"   the    I  of  the   spatium    iniersejitovalvulare    (p.   40).     Wider   retitular   formations. 

extending  .>  •   cavity  «if  the  atrium  from  the  crista  terminalis  to  the  septum  and  including 

below  the  Ku.stachian  valve,  have  al.so  Ix-en  descrilnrd  (MoNTEIRO,y<7wr.  Anat.,  vol.  Iii.,  I9I7); 
they  rrpre»ent  more  extensive  persistences  of  the  venous  valves.     Fine  isolated  muscle  fibres  are 


'  T  ■  "i  in<   I  iivie  to  one  another  is,  howc\"er,  usually  greater;    in  man  and  the 

•nthrc;  -ie  is  aliout   140".  in  many  other  mammals  al>out  100  ,  and  it  is  alx)ut  the 

Mmr  in  the  human  fcrtus. 
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often  found  in  the  Eustachian  valve  (Tandler).  There  is  little  variation  of  the  Eustachian 
valve  in  the  foetus,  a  circumstance  which  corresponds  with  its  importance  in  the  foetal  heart. 
It  is  not  implied,  however,  in  this  description,  that  the  whole  of  the  inferior  caval  blood  passes 
through  the  foramen  ovale  or  that  none  of  the  superior  caval  blood  does  so ;  the  experiments 
of  POHLMAN  on  the  foetal  circulation  indicate  that  there  is  considerable  mixing  of  the  two 
streams  and  that  a  mixture  passes  through  the  foramen  (see  also  Kellog,  Afiat.  Record,  vol. 
XXXV.).  At  or  soon  after  birth  the  free  non-muscular  part  of  the  valve  undergoes  retrogressive 
changes.  If  the  Eustachian  valve  be  pulled  on  laterally  there  will  be  raised  on  the  medial  wall 
of  the  atrium,  as  a  continuation  of  the  free  border  of  the  valve,  a  thin  sharply  defined  fold, 
directed  longitudinally  upwards  towards  the  torus  aorticus  (see  p.  35).    This  fold  is  formed 
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Fig.  26.— Sagittal  section  of  the  thorax  of  a  full-term  fcetus. 

The  surface  of  the  left  half  is  viewed. 

E.,  Eustachian  valve  ;  T.,  Thebesian  valve  ;  I.V.C,  inferior  vena  cava ;  S.C,  superior  vena  cava. 

by  a  flat  glistening  fibrous-tissue  band,  at  the  most  about  1  mm.  broad;  it  was  described  by 
Tawara  in  1885,  but  is  now  usually  named,  after  French  writers,  the  tendon  of  Todaro.  Near 
the  valve,  in  the  fibrous  tissue  of  which  it  spreads  out  and  ends,  this  band  lies  immediately 
under  the  endocardium  and  may  be  seen  through  it  as  a  grey  strip;  in  its  course  in  the  atrial 
wall  it  becomes  more  and  more  covered  by  atrial  muscle,  but  is  easily  traced  to  its  origin  in  the 
right  trigonum  fibrosum. 

At  the  junction  of  the  floor  of  the  atrium  with  the  medial  (septal)  wall  and 
just  in  front  of  the  anterior  end  of  the  Eustachian  valve,  there  is  to  be  seen  the 
circular  opening  of  the  coronary  sinus .    It  is  flanked  laterally  by  the  Thebesian 
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valve,'  or  vnlvc  of  the  coronan-  sinus  (valvula  sinus  coronarii)  (fig,  24),  which 
is  vrn-  variahlp  in  its  size  and  form.  Most  commonly  it  is  smaller  than  the 
coronar)'  oi)cning  and  is  semilunar  in  shape,  its  free  concave  margin  being  directed 
upwards  and  medially  towards  the  atrial  septum;  but  very  frequently  it  is 
jx-rforated  or  in  the  form  of  a  network,  and  occasionally  it  exists  only  as  a  few 
delicate  filaments  attached  to  the  lateral  surface  of  the  Eustachian  valve  and 
bridging  across  the  sub-Kustachian  diverticulum.  It  is  derived  with  the 
Eustachian  valve  from  a  common  part  of  the  right  sinus  valve,  and  not  infrequently 
the  two  remain  closely  connected  together. 

The  Thebesian  valve  has  l>ocn  seen  doubled.  The  opening  of  the  coronar>-  sinus  is  some- 
times on  the  l>ottom  of  n  small  fos.sa.  The  sub-Eustarhian  diverticulum  (see  p.  24)  is  the  pouch 
which  lies  iK-twcen  the  lateral  surface  of  the  Eustachian  valve  and  the  posterior  wall  of  the  atrium 
(fig.  24).  It  has  been  aptly  compared  by  Kkith  to  the  sinuses  of  Valsalva,  for  where  the  atrium 
contracts  it  is  distended  and  presses  the  Eustachian  valve  backwards,  and  so  assists  in  the  closure 
of  the  inferior  caval  orifice.  The  coronan*-  sinus  may  open  into  it  if  the  Thebesian  valve  be 
v«rv  (Icfuicnt.     The  atrial  wall  of  the  diverticulum  is  thin  and  translucent. 

Ihc  atrio-ventricular  orifice,  oval  in  shape,  also  lies  in  the  floor  of  the 
atrium,  but  in  tlic  normal  po.sition  of  the  heart  in  the  thorax  the  plane  of 
the  opening  is  nearly  vertical  and  it  lies  in  the  medial  and  anterior  part  of  the 
cavitv  (fig.  2fi).    It  is  guarded  by  the  tricuspid  valve,  which  is  described  on  p.  53. 

The  .til. I  (p1  the  atrial  wall  which  lies  just  above  the  atrio-ventricular  opening,  and  which 
is  lounded  above  by  the  pa.ssage  of  the  Eustachian  valve  into  the  anterior  limb  of  the  limbus 
fossae  ovalis  and  laterally  by  the  Thebesian  valve  (fig.  24),  is  of  special  interest;  for  in  this 
area,  as  first  defined  by  Kocii,  is  placed  the  node  of  Tawara  (see  p.  80). 

The  inedial  wall  of  the  right  atrium  is  formed  by  the  inter-atrial  septum 
(fig.  23).  Its  surface  is  devoid  of  musculi  pectinati,  but  there  are  to  be  seen  on 
it  evidences  of  its  complicated  development.  At  its  lower  part,  just  above  and 
a  little  in  front  of  the  orifice  of  the  inferior  vena  cava,  there  is  an  oval  depressed 
area,  the  fossa  ovalis.-  This  part  of  the  septum,  formed  from  the 
septum  primuin,  is  thin  and  translucent,  and  contains  little  muscle  tissue;  it 
is  often  named  the  "  pars  membranacea  "  of  the  atrial  septum.  It  is  surrounded 
at  it>  j)ostcrior,  upper,  and  anterior  borders  by  a  prominent  rounded  fold,  the 
limbus  fossae  ovalis  or  annulus  ovalis  Vieusscnii,  which,  however,  is  very 
variable  in  its  development,  in  .some  instances  being  scarcely  perceptible  and 
in  others  being  a  well-defined,  plump,  rounded  band.  The  anterior  part  of  the 
limbus  is  often  more  strongly  developed,  and  in  such  cases  there  is  usually  a 
more  or  less  deep  pocket,  directed  forwards  and  upwards,  between  the  upper 
part  of  the  limbus  and  the  pars  membranacea  ;  and  in  about  25  per  cent,  of  all 
sul)ject.s  there  is  here  a  slit-like  communication  witli  tin-  bft  atrium,  which  is 
the  remains  of  the  foramen  ovale  of  the  foetus. 

The  foramen  ovale  «.i>  i.mnd  in  l)e  patent  in  24-2  |)er  tint  oi  adult  males  and  29  per  cent. 
of  female* ;  in  childrm  under  one  year  it  w.is  patent  in  5»4  jkt  cent.,  and  between  one  and  five 
years  in  52  per  cent.    (Comm.  Collec.  Invest.,  /<7«r.  .i»at.,  vol.  .x.sxii.  ;   see  also  Sinvson,  /our. 

'  Ti  n  previously  figured  by  Eustachius. 

*  The  ionAa  ovalis  and  limbus  ovalis  are  wanting  in  monotremes  and  marsupials  (Perameles 
'*'  'lie  atria  r(>mmuni<ate  in  the  embrj'os  of  these  groups  by  a  number 

°'  .  .^    which  close  at  an  early  stage  of  development  in  correlation  with 

the  .*hort  inlra-uterinc  life.  The  conditions  are  similar  in  birds  (see  p.  11).  (Owen, 
"  Mnr^  '  '  '  ■  /.  Anal.,  \o\.  iii. ;  CfNNiNGiiAM.  Chall.  Rcpoits.  "Zoology," 
v^I-  V-  1        -"NS  and  WisniK.  "  Anati.niv  (iT  M.uropim  nifiis, "/(>///•«.  ./wa/. 

end  PArt.,  vol.  x.xxii.i 
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Atiii.,  vol.  xxxii.;  P'awcett  and  Blachford,  ibid.,  vol.  xxxv. ;  Nanagas,  Anat.  Record, 
vol.  xxi.)  The  most  common  arrangement  is  an  oblique  slit,  from  a  pinhead  size  to  1  cm. 
in  diameter,  under  the  point  of  greatest  convexity  of  the  annnlus.  This  slit  may  l)e  LJind,  even 
when  it  leads  into  a  diverticulum  2  cms.  long,  or  it  may  open  into  the  left  atrium  under  the  fold 
which  is  there  present  (p.  36).  Occasionally  there  may  be  a  blind  slit  on  the  left  side  and  none  on 
the  right  side;    less  commonly  there  are  two  blind  slits. 

A  foramen  may  exist  in  the  atrial  septum  above  and  behind  the  fossa  ovalis;  it  must  be  due 
to  a  defect  in  the  attachment  of  the  septum  secundum.  It  may  be  present  with  a  persistent 
foramen  ovale.  Cases  are  recorded  by  Hepburn,  y^^/^r.  Anat.,  vol.  xxi.,  and  Grkf.nfiki.d, 
ibid.,  vol.  xxiv.  Deficiencies  in  the  septum  below  and  in  front  of  the  fossa  ovalis  are  more 
common,  though  still  comparatively  rare  (Arnold,  Virch.  Arch.,  vol.  li.).  They  represent 
persistences  of  the  foramen  primum.  Typical  cases  are  recorded  by  Wardropp-Griffitii. 
lour.  Atiat.,  vol.  xxxiii. ;  Keith,  ibid. ;  Thompson,  ibid.,\o\.  xxxvii. ;  Morison,  ibid.,  vol.  liv. 
The  foramen  lies  in  front  of  the  anterior  limb  of  the  annulus,  its  anterior  boundary  being 
formed  by  the  upper  parts  of  the  aortic  cusp  of  the  mitral  valve  and  the  anterior  and  septal 
cusps  of  the  tricuspid  valve.  It  is  often  described  as  occurring  at  the  site  of  the  atrio-ventricular 
part  of  the  pars  membranacea  septi  (p.  55)  (Keith,  Thompson),  but  the  formation  of  the 
membranous  septum,  as  described  in  this  work  (p.  60"),  precludes  such  an  interpretation.  The 
foramen  is  inter-atrial.  It  is  usually  present  when  the  right  pulmonary  veins  open  into  the 
superior  vena  cava  (see  p.  41) ;  but  in  a  specimen  described  by  Ingali.s  {Anat.  Record,  vol.  i.) 
in  which  the  superior  cava  received  the  right  pulmonary  veins  and  opened  into  both  atria  the 
septum  was  complete.     The  septum  is  often  thinner  in  the  position  of  the  foramen. 

The  fossa  ovalis  varies  very  much  in  its  size,  but  seldom  exceeds  3-5  cms.  in  its  maximum 
diameter.  The  floor  is  sometimes  crossed  by  folds  of  endocardium,  remains  of  the  left  sinus 
valve,  and  very  occasionally  it  is  perforated  in  its  lower  part. 

The  limbus  is  formed  by  well-defined  bands  of  atrial  muscle,  the  superior  and  inferior 
limbic  bands  (Kf.ITH,  see  p.  72),  but  in  about  5  per  cent,  of  hearts  there  is  no  trace  of  them; 
they  are  believed,  however,  to  play  a  large  part  in  the  closure  of  the  inferior  caval  orifice.  The 
superior  part  of  the  limbus  is  continuous  with  the  torus  Loweri,  while  the  antero-inferior  part 
is  usually  continued  into  the  Eustachian  valve. 

There  is  an  eminence,  the  torus  aorticus,  on  the  upper  and  anterior  part 
of  the  medial  wall ;  it  corresponds  to  the  aorta  on  the  external  surface  of  the 
atrium  (fig.  23). 

There  are  also  to  be  found  in  the  right  atrium  the  openings  of  three  or  four 
vena^  parvte  cordis  (see  p.  108),  and  scattered  over  the  surface  there  are  a  number  of 
other  small  openings.  These  openings  are  of  two  kinds:  (1)  Foramina  of 
Thebesius,  at  the  most  \  mm.  in  diameter,  some  of  which  are  merely  shallow 
recesses  closed  at  the  bottom,  while  others  will  be  described  later  to  be  the  mouths 
of  small  veins,  the  vens  minimae  cordis  (p.  108) ;  and  (2)  much  larger  openings, 
2  to  3  mm.  in  diameter,  which  were  first  described  by  Lannelongue.  They 
are  sharply  circumscribed  and  in  their  floor  there  are  the  openings  of  secondary 
foramina.  These  foramina  of  Lannelongue  are  remarkably  regular  in  their 
occurrence;  they  lie  chiefly  on  the  medial  wall,  and  one  is  usually  to  be  found 
just  above  the  upper  part  of  the  limbus  fossae  ovalis  and  another  just  above  the 
opening  of  the  coronary  sinus  (fig.  24). 

Left  Atrium.— The  form  of  the  left  atrium,  as  can  be  well  seen  on  a  cast 
of  the  cavity  (fig.  25),  is  irregularly  cuboidal.  Its  longest  measurement^  lies 
transversely  and  this  is  emphasised,  especially  on  the  exterior,  by  lateral  diver- 
ticula of  its  upper  posterior  parts.  The  pulmonary  veins,  two  on  each  side  and 
each  about  14  to  15  mm.  in  diameter,  are  directed  in  the  long  axis  of  the  cavity 
and  open  into  these  lateral  pouches  ;  ^  the  orifices  are  elliptical,  rather  than  round, 
with  anterior  and  posterior  margins.  The  two  veins  of  one  or  both  sides,  it  is 
to  be  noted,  are  sometimes  united  before  they  enter  the  atrium,  while  in  other 
subjects  an  additional  vein  is  found,  more  frequently  on  the  right  side  (see  p.  41). 


'  The  left  atrium  is  thus  elongated  in  the  direction  of  the  axes  of  the  pulmonary  veins  as  the 
right  atrium  is  in  the  axes  of  the  superior  and  inferior  venae  cava-. 
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The  surface  of  the  cavity  is  smooth  except  in  the  auricular  appendix,  the  walls  of 
which  are  ridded  with  large  numbers  of  musculi  pectinati.  The  opening  of  the 
np|>endix,  which  is  placed  on  the  upper  part  of  the  anterior  wall  close  to  the  left 
wall,  is  separated  from  the  openings  of  the  left  pulmonary  veins  by  a  well-defined 
ridge.*  The  posterior  wall  of  the  atrium  is  slightly  convex  in  the  region  between 
the  pulmonary  veins,  the  convexity  being  produced  by  the  oesophagus  which 
descends  behind  the  atrium  ;  on  the  convexity  there  is  almost  constantly  a 
foramen  of  Lannelongue.  There  is  a  similar  but  slighter  bulging,  produced 
by  the  aorta,  at  the  junction  of  the  anterior  and  medial  walls  (fig.  23).  On  the 
medial  wall,  which  is  formed  by  the  intcr-atrial  septum,  there  can  .sometimes  be 
recognised  an  oval  area  corresjionding  to  the  fossa  ovalis  of  the  right  atrium, 
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Fl<i.  27.— ThK  INTKRIOR  OF  THE  LKFT  .\TRIIM.  SHOWING  TIIK  ATRIAL  SKPTU.M.  The  lift 
auricular  appendix,  the  left  and  right  pulmonar)'  veins,  and  the  inferior  vena  cava 
arc  .shown.     The  arrow  indicates  the  orifice  of  a  persistent  foramen  ovale. 


but  if  it  cannot  be  seen  it  can  be  readily  defined  by  holding  the  septum  to  the 
light  since  it  is  transparent  ;-  and  at  the  upper  nnd  .intrrior  part  cif  this  area 
there  is  to  be  seen  the  free  border  of  the  valve  of  the  foramen  ovale  (septum 
primum).  If  the  border  is  well  developed  it  forms  a  sickle-shaped  ridge,  the 
concavity  of  which  is  directed  upwards  .and  forwards,  and  between  this  and  the 
septum  there  is  a  deep  slit-like  space  ;  but  frequently  there  is  only  a  faint  network 
of  fibres  which  radiate  upwards  and  forwards  over  tlic  fossa  ovalis  area  and  appear 
to  be  laid  on  the  septum  (fig.  27). 

The  valve  of  the  foramen  ovale  w.ts  dcscrilicii  liy  Vettf.r  in  1804  as  the  left  sinu.s  valve, 
and  in  1848  by  rARciiArri'.  a<;  the  "  interauricular  valve,"  which  during  foetal  life  is  applied  to 
a .^ 

'  Thi.*  ridge  is  not  prmluccd  by  nny  specially  developed  band  of  muscle,  but  is  simply  a 
I'lding  of  the  atrial  wall.     It  varies  in  its  size. 

'  The  thickness  of  the  atrial  .-ieptum  varies  at  different  parts  from  I  to  4  mm. 
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the  iett  side  of  the  then  open  foramen  ovale;  it  is,  liowever,  as  is  described  above,  the  edge  of 
the  septum  primum  (p.  39).  If  a  communication  remains  between  the  atria  it  opens  into  the 
left  atrium  in  the  concavity  of  the  ridge.  Fibrous  or  fibro-muscular  bands,  sometimes  I  in. 
broad,  are  not  infrequently  to  be  found  passing  from  the  atrial  septum  in  the  neighbourhood 
of  the  valve  of  the  foramen  across  the  cavity  of  the  atrium  to  the  anterior  wall.  These  bands 
may  be  broad  enough,  though  rarely  so,  to  form  a  septum  dividing  the  atrium  into  a  postero- 
superior  part  which  receives  the  pulmonary  veins  and  an  antero-inferior  part  which  contains  the 
orifice  of  the  atrial  appendix  and  the  atrio-ventricular  opening  (Potter, /our.  Anat.,  vol.  xxxix.). 
The  condition  seems  to  have  been  described  first  by  Flower  {Path.  Trans.,  1882).  It  represents 
an  exaggeration  of  the  normal  and  may  be  present  with  or  without  a  patent  foramen  ovale 
(cases  are  described  by  Rolleston,  Hepburn,  Wardropp-Griffith,  Proc.  Anat.  Soc.,Jour. 
Anat.,  vol.  xxx.,  and  ibid.,  vol.  xxxiv.  and  vol.  xxxvii.).  It  is  not  due  to  non-absorption  of  the 
sinus  of  the  pulmonary  veins,  as  is  shown  by  the  septum  between  the  two  atria  being  complete. 
The  conditions  of  the  foramen  ovale  and  its  valve  are  often  peculiar  in  the  sheep,  the  valve  being 
large  and  having  chordae  tendineae  and  papillary  muscles  which  attach  it  to  the  atrial  walls; 
and  these  forms  much  resemble  the  abnormal  forms  found  in  the  human  subject.  (See  Rowl.\nds, 
Jour.  Anat.,  vol.  xxviii.) 

The  atrio-ventricular  orifice  lies  in  the  floor  of  the  atrium  which,  when  the 
heart  is  in  position  in  the  thorax,  is  directed  forwards  and  to  the  left.  It  is  of 
an  oval  form  and  somewhat  smaller  than  the  right  opening.  It  is  guarded  by 
the  mitral  valve .  There  are  scattered  over  the  surface  of  the  left  atrium  numerous 
openings  of  vense  cordis  minimae. 

The  Development  of  the  Atria.^The  sinus  venosus,  as  was  previously 
described  (p.  17),  consists  of  a  transverse  part  and  two  curved  lateral  horns, 
the  right  of  which  is  larger  than  the  left  (fig.  12) ;  and  it  opens  into  the  right  part 
of  the  primitive  atrium  through  an  oval  vertically  placed  opening  in  the  dorsal 
wall  of  that  chamber,  the  opening  being  flanked  by  the  right  and  left  venous 
valves  (fig.  13).  The  lateral  horns  of  the  sinus  receive  at  their  extremities  the 
ducts  of  Cuvier ;  and,  by  a  series  of  changes  which  need  not  be  described  here, 
the  inferior  vena  cava  replaces  the  umbilical  and  vitelline  veins  of  both  sides 
and  opens  into  the  right  end  of  the  transverse  part.  In  the  succeeding  stages  of 
development,  the  left  horn  lags  behind  the  right  horn  more  and  more,  for  the 
left  duct  of  Cuvier  and  its  tributaries  no  longer  conduct  the  blood  of  the  left 
side  of  the  body  to  the  heart ;  transverse  connections  are  formed  between  the 
left  and  ri^ht  cardinal  veins  and  the  blood  of  the  left  side  passes  in  these  connec- 
tions to  the  right  side  (see  Vol.  I.).  The  left  horn,  with  part  of  the  transverse 
portion  of  the  sinus,  ultimately  becomes  the  coronary  sinus  of  the  heart  and 
the  left  duct  of  Cuvier  becomes  the  oblique  vein  of  Marshall  (p.  107) ;  for  a  time 
these  parts  are  separated  from  the  surface^  of  the  atrium,  though  attached  to  it 
by  a  mesenterial-like  fold  of  pericardium,  but  later  this  fold  disappears  and 
the  coronary  sinus  lies  in  contact  with  the  atrial  wall  along  the  atrio-ventricular 
groove.  (See  further,  "  The  Structure  of  the  Coronary  Sinus.")  The  right  horn 
of  the  sinus  is  gradually  absorbed  into  the  right  atrium  and  forms  that  part  of 
this  chamber  which  is  limited  on  the  right  by  the  sulcus,  and  crista,  terminalis, 
and  in  which  there  are  the  orifices  of  (1)  the  inferior  vena  cava;  (2)  the  superior 
vena  cava  (the  lower  part  of  which  is  the  right  duct  of  Cuvier) ;  and  (3)  the 
coronary  sinus.  The  musculature  of  the  sinus  wall,  which  is  never  well  developed, 
appears  to  be  replaced  by  the  musculature  of  the  atrium,  and  there  remain,  as 
sinus  musculature,  only  the  fibres,  or  at  least  some  of  them,  which  surround  the 
terminal  part  of  the  superior  cava  and  those  in  the  wall  of  the  coronary  sinus. 

The  parts  which  form  the  atrial  septum  and  divide  the  primitive  atrium 
into  right  and  left  chambers,  are  :  (1)  The  septum  primum  (Born)  ^  which  appears 


^  The  septum  primum  of  Born  includes  the  septum  superius  and  the  spina  vestibuli  of  His, 
the  latter  an  ingrowth  from  the  right  margin  of  the  area  interposita  (His). 
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as  a  (TocTniir  fold  in  the  roof  of  the  atrium  (p.  17).  It  is  accentuated  by  the 
rnhirgcmcnt  of  the  lateral  atrial  diverticula,  but  al.so  grows  actively  along  the 
anterior  and  posterior  walls  and  its  free  edge  advances  further  and  further  into 
the  cavity  until  it  reaches  the  atrial  canal  from  above  (anteriorly)  and  below 
(j>osteriorly)  (fig.  28).  The  lower  edge  of  the  septum,  which  is  covered  by  a 
thi(  kening  of  the  subendocardial  tissue,  ultimately  (about  the  beginning  of  the 
fifth  week)  fuses  with  the  anterior  (or  upper)  and  posterior  (or  lower)  endocardial 
cushions  of  the  atrial  canal  (p.  19),  but  for  a  time  there  is  an  inter-atrial  foramen, 
foramen  primum,  between  the  lower  edge  of  the  .septum  above  and  the  endo- 
cardial cushion.^  below.     lU-fnro  this  foramen  is  closed,  however,  the  upper  part 
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Fig.  28.— Diac.ram  op  tiik  right  .atrium  to  show  tiik  form.ation  of  thk  .\tri.\l  septum. 

Ao.,  aorta;    !'..\..  pulmoimry  artory  ;    .^J  .  so|)tiim   primum;    S. 2,  septum   secundum; 
.'\.I'.,  anterior  and  |K>sterior  enilorardial  cushions. 

of  the  septum  is  ab.sorbed  so  that  a  new  connection  between  the  atria  is  formed  ; 
this  is  the  foramen  ovale  (or  foramen  .secundum).  At  first  it  is  a  wide  opening, 
lx)unded  In  low  ,iiul  in  front  by  the  now  free  upper  edge  of  the  septum  primum  ; 
but  later  it  becomes  smaller  and.  by  the  growth  of  its  ends,  the  free  border  of  the 
septum  primum  faces  upwards  and  forwards  (fig.  29).  (2)  The  septum  secundum 
(Born)  is  an  inflection  of  the  musculature  of  the  roof  of  the  atrium  close  to,  and 
immediately  on  the  right  side  of,  the  original  attachment  of  the  .septum  primum.* 
It  clo.ses  the  upper  part  of  the  foramen  ovale.  Its  anterior  and  posterior  extremities 
grow  downwards  on  the  front  and  back  walls  of  the  atrium  towards  the  atrial 
rannl.  and  its  lower  free  concave  edge  at  first  faces  downwards  and  for\vards 


I  Ills   '■ 

sriuc,  in  ti 

%-ol  .XXI. 


'•-.usfcuiosc  Ldsic,  and  it  is  said  not  to  exist,  in  Born's 
/,  vol.  ii.;  sec  also  Morrill,  Amer.  Jour.  Anat., 
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(tig.  -IS).  The  two  .sc]>ta,  primum  ami  sniiiKluin,  by  their  coiuiiuied  j^n-owlh  soon 
overlap  one  another  in  front  and  behind  ;  and  by  its  unequal  growth  the  free  edge 
of  the  septum  secundum  changes  its  direction  and  faces  downwards  and  backwards 
(fig.  29) .  The  foramen  ovale  is  now  a  slit-like  passage  between  the  free  edges  of  the 
two  septa  ;  and  the  part  of  the  septum  primum  which  bounds  it  belf)w,  and  which 
forms  its  left  wall,  is  sometimes  called  the  valve  of  the  foramen  ovale.  The  valve 
of  the  foramen  ovale  reaches  the  level  of  the  lower  edge  of  the  septum  secundum 
in  the  seventh  or  eighth  month  and  at  birth  it  overlaps  it.  The  closure  of  the 
foramen  ovale  commences  at  birth  when  the  left  atrium  becomes  filled  with 
pulmonary  blood  and  the  pressure  in  it  becomes  high  enough  to  prevent  blood 
entering  it  from  the  right  atrium;     the  closure  is  assisted  by  an  alteration  in 
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Fig.  29.— View  of  the  atrial  septum,  at  a  later  stage,  from  the  right. 
(After  Tandler  and  Born's  model  of  a  36  mm.  embryo.) 

T.,  tricuspid  valve. 


the  action  of  the  "  limbic  bands  "  (see  below),  brought  about  by  their  indirect 
attachment  to  the  diaphragm  which  is  now  in  use  (Keith).  The  foramen  is 
not  completely  closed  until  the  second  year  (Hinze),  and,  as  was  already  stated, 
a  slit-like  remnant  of  it  persists  in  about  25  per  cent:  of  adult  subjects  ;  according 
to  Wallman  it  more  often  persists  in  the  female  than  in  the  male  (see  p.  34). 
It  may  be  a  double  or  multiple  opening,  and  these  conditions  and  the  abnormal 
forms  already  described  (p.  37)  support  Rokitansky's  contention  that  the 
normal  closure  is  by  a  fenestrated  membrane.  (See  also  Reid,  Jour.  Anat., 
vol.  xlvi.) 

The  two  valves,  the  right  and  left  venous  valves,  which  guard  the  opening 
of  the  sinus  into  the  atrium,  fuse  with  one  another  above  the  opening  and  are 
continued  into  a  ridge,  septum  spurium  (His),  which  extends  over  the  cranial 
wall,  in  front  of  the  orifice  of  the  superior  vena  cava,  on  to  the  anterior  wall  of 
the  atrium  ;   the  two  valves  also  fuse  below  the  opening  and  are  continued  towards 
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ihc  atrial  canal  where  they  fuse  with  the  posterior  endocardial  cushion  (fig.  13). 
In  each  valve  a  prominent  band  of  muscle  runs  along  the  basal  attachment  of 
the  free  membranous  part.  Between  the  septum  spurium  and  the  left  venous 
valve  on  the  right  side  and  the  septum  secundum  on  the  left  sidf,  there  is  a  part 
of  the  atrial  cavity  which  is  named  the  spatium  intersepto-valvulare.  It 
forms  at  first  a  well-marked  dilatation  on  tiic  (.ranial  and  poblerior  walls  ol  the 
atrium  (fig.  13),  but  at  a  later  stage  the  left  venous  valve  is  applied  to  the  surface 
of  the  septum  secundum  and  the  spatium  intersepto-valvulare  is  obliterated. 
In  the  adult  the  remains  of  the  valve  may  form  a  fretted  membrane  on  the  septal 
wall  of  the  inferior  vena  cava  and  on  the  atrial  septum  behind  the  fossa  ovalis 

(p.   32). 
SVC.  The  orifice  of  the  trans- 

verse part  of  the  sinus 
venosus  becomes  dravvTi  into 
the  posterior  wall  of  the 
right  atrium,  arrd  a  septum, 
the  sinus  septum,  develops 
between  the  openings  of  the 
inferior  vena  cava  and  the 
coronar)-  sinus  ;  and  in  this 
septum  a  band  of  atrial 
muscle,  the  lower  limbic 
band  (Keith),  appears  and 
divides  the  lower  part  of  the 
R.  ••r"\-^^  "^^^^j^jT/"^.  right  venous  valve  into  two 

^   ^1^^^^^^^^^        ^"•-  parts,   the   Eustachian  valve 

m  ■  ^^^^  in  front  of  the  inferior  cava 

m  W  and  the  Thebesian  valve  on 

^^      -^ '  the  right  side  of  the  coronary 

orifice.  A  second  inflection 
of  the  sinus  wall  is  formed 
between  the  superior  and 
inferior  caval  openings  and 
in  it  the  upper  limbic  band 
(Keith)  of  atrial  muscle 
forms  (see  further,  p.  72). 
The  original  single  sinus 
opening  is  thus  divided  into 
three  part.s.  The  upper  part  of  the  right  sinus  valve  disappears,  but  the  muscular 
band  along  its  attached  margin  forms  the  prominent  bundle  of  the  crista  termin- 
alis;  the  annulus  ovalis,  on  the  other  hand,  represents  the  lower  free  edge  of 
the  .septum  se(  unduin,  wiiieh  is  reinforced  by  the  upper  and  lower  limbic  bands, 
the  musculature  at  the  base  of  the  left  venous  valve  (fig.  30). 

The  right  atrium  is  thus  formed  of  three  parts:  (1)  The  right  part  of  the 
primitive  atrium,  which  forms  all  that  part  of  the  atrium,  including  the  appendix, 
provided  with  musculi  pectinati ;  (2)  the  right  horn  and  right  part  of  the  transverse 
portion  of  the  sinus  venosus,  which  is  the  part  of  the  atrium  into  which  the  venae 
cava*  and  coronar)'  sinus  open;  and  the  original  valvular  opening  of  the  sinus 
into  the  atrium  is  replaced,  in  part  at  least,  by  the  sphinctcric  muscular  bundles 
of  the  crista  terminalis  and  the  limbic  bands  ;  and  (3)  the  right  half  of  the  atrial 
canal,  which  forms  the  smooth  area  above  the  atrioventricular  orifice.  (The 
morphological  boundar\'  between  the  atria  and  the  ventricles  is  discussed  on 
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Fig 


30.— Diagram  of  the  interior  of  the  right 
atrium  to  show  the  division  of  the  sinus 
opening,  the  fate  of  the  sinus  valves,  and  the 

UPPER  AND  IX)WER   LIMBIC  BANDS.      (After  KeITH.) 

R.,  right  venous  valve;  L.,  left  venous  valve,  which  is 
carried  towards  the  right  valve  by  the  limbic  bands; 
F.O.,  fosN.i  ovalis. 
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p.  6U.)  The  left  atrium  is  also  formed  of  three  parts  :  (1)  The  left  part  of  the 
primitive  atrium,  which  forms  the  atrial  appendix ;  (2)  the  left  half  of  the  atrial 
canal ;  and  (3)  the  vestibular  part  of  the  atrium,  which  is  formed  by  the  inclusion 
in  the  atrium  of  the  terminal  parts  of  the  pulmonary  veins  ;  it  forms  most  of  the 
atrium  and  is  marked  off  from  the  remainder  of  the  cavity  by  the  taenia  tcrminalis 
sinistra  (Keith,  p.  72). 

The  early  stages  of  the  development  of  the  pulmonary  veins  have  been 
studied  by  Schmidt  (in  the  pig),  Flint  {Amer.  Jour.  Anal.,  1907),  His  (in  the 
human  subject),  Fedorow  {Anat.  Hefte,  Bd.  xl.,  1910),  Brown  (in  the  cat, 
Anaf.  Record,  vol.  vii.,  1913),  and  others,  and  it  seems  to  be  well  established 
that  the  pulmonary  vein  grows  as  a  single  (or  double,  Von  Mollendorff, 
Anat.  Hefte,  Bd.  xlvii.,  1913)  vessel  from  the  centre  part  of  the  sinus  venosus, 
and,  passing  backwards  in  the  venous  dorsal  mesocardium,  reaches  and  anasto- 
moses with  a  splanchnic  plexus  round  the  oesophagus  and  the  pulmonary  anlage ; 
this  plexus  communicates  freely  with  the  neighbouring  mediastinal  plexus  which 
drains  into  the  systemic  veins.  As  the  sinus  venosus  shifts  to  the  right  and  the 
sino-atrial  orifice  becomes  defined,  the  pulmonary  vein  is  found  to  open  on  the 
left  side  of  the  left  venous  valve  and,  when  it  forms,  on  the  left  side  of  the  septum 
primum  (on  the  left  side  of  the  septum  superius  and  spina  vestibuli  of  His) ; 
on  the  exterior  of  the  heart  the  orifice  is  now  on  the  left  part  of  the  area  interposita. 
According  to  His  the  area  interposita  represents  an  extension  of  the  sinus  venosus 
into  the  left  atrium,  as  is  found  in  the  amphibian  heart ;  and,  therefore,  after 
the  processes  of  inclusion  of  the  pulmonary  vein  described  below  have  taken 
place,  the  left  atrium  must  be  held  to  include  a  sinus  area.  It  is  not  possible 
on  histological  grounds  to  distinguish  a  sinus  extension  beyond  the  left  sinus  valve, 
that  is,  the  muscle  first  to  develop  there  is  atrial  muscle ;  but  as  at  the  other 
sinus  replacement  areas  it  appears  at  a  comparatively  late  period.  The  left 
atrium,  though  it  may  thus  include  a  sinus  extension,  does  not,  however,  include 
any  of  the  sino-atrial  junctional  tissue  as  is  found  at  the  bases  of  the  venous 
valves  (see  "  Morphology  of  the  Connecting  Systems  ") ;  it  would  not  appear, 
therefore,  to  have  the  morphological  value  of  the  right  atrium.  At  its  first 
appearance,  in  the  Dipnoi,  it  is  much  smaller  than  the  right  atrium,  and  it  is 
so  even  in  the  turtles  among  the  reptiles  ;  with  the  appearance  of  a  complete 
ventricular  septum,  however,  it  must  necessarily  become  as  large  as  the  right 
atrium.  It  has  often  been  pointed  out  that  in  the  dying  heart  (of  amphibians  and 
reptiles)  the  contractions  of  the  left  atrium  cease  before  those  of  the  right  atrium 
(Mills, /(?/^r.  Anat.,  vol.  xxii.),  and  Harvey  made  the  observation  that  in  the 
mammalian  heart  the  right  atrium  is  the  last  chamber  to  die  ;  it  is  commonly 
named  ultimum  nioriens. 

There  is  ultimately  formed,  as  the  venous  return  from  the  lungs,  a  single  vein 
from  each  lung  lobe,  but  in  the  root  of  the  right  lung  the  vessels  from  the  upper 
and  middle  lobes  join  together,  so  that  four  stems  proceed  towards  the  heart. 
In  the  early  embryo  the  veins  form  a  common  pulmonary  trunk,  as  in  reptiles  ; 
but  as  the  lungs  develop  and  pass  round  the  heart  the  venous  mesocardium  is 
greatly  widened  and  the  left  atrium  increases  in  extent  by  the  absorption  into  it 
of  the  stem  of  the  common  pulmonary  vein,  and  later  by  the  inclusion  of  the 
proximal  parts  of  the  two  pulmonary  trunks  of  each  side.  This  included  part 
of  the  pulmonary  veins  forms  the  vestibule  of  the  atrium .  The  process  of  inclusion 
may  be  fully  accomplished  even  though  the  sinus  venosus  remain  distinct  from 
the  right  atrium  (see  p.  126). 

Development  of  the  Atrial  Myocardium.— The  early  stages  of  the  atrial  myocardium 
are  comparable  to  those  of  the  ventricular  myocardium  (see  p.  58) ;    but  it  is  to  be  noted  that 
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nvrr  llu-  urru  wlivrc  ihc  |>o.stiTior  mcsCNaniiiiiii  (|>.  15)  is  alta<  IhhI  to  it,  tin-  area  interposita  ' 
of  Ili>.  the  myocpicanlium  is  at  first  nhscnt  fnini  the  atrial  wall.  The  differentiation  of  the 
atrial  inyocartlium.  however,  oenirs  tlistimlly  later  than  that  of  the  ventricle ;  and  with  it.s 
occurrener  muscle  tis-sue  invades  the  atrial  septa  and  the  venous  valves.  At  a  still  later  i>crio<l 
the  musruli  jKTtin.iti  ap|H'ar,  first  in  the  ap|)en<laj;es.  The  atrial  musculature  at  this  sfajje  remain.s 
continuous  with  the  ventricular  musculature  round  the  whole  circumference  of  the  atrial  canal. 
The  musculature  of  the  coronar>"  sinus  and  of  that  part  of  the  atrium  which  is  formed  from  the 
sinus  venosus  remains  un<lifferenti.ited  lonjj  after  the  remainder  of  the  atrial  muscle  is  defined, 
while  the  jwrt  of  the  left  atrium  which  is  formed  from  the  pulmonary  veins  docs  not  acquire 
cardiac  muscle  until  a  comparatively  late  perio<l. 

The  Ventricles.  A  transverse  .section  through  the  ventricles  (fig.  42a,  p.  64) 
shows  that  the  ventricular  septum  is  placed  obliquely,  running  from  before 
backwards  and  to  the  right  ;  and  further,  that  it  bulges  into  the  right  ventricle, 
its  right  surface  being  convex  and  its  left  surface  concave.  The  cavity  of  the 
left  ventricle  is  thus  circular  in  outline,  while  the  right  ventricle  is  crescentic, 
and  the  two  are  so  placed  that  the  right  ventricle  partly  overlies  the  left  ventricle 
in  front.  The  walls  of  the  lower  parts  of  the  ventricles  arr  very  irregular,  being 
ridged  with  a  large  number  of  muscular  colunms,  columnar  cameae,  of  very 
varying  size  and  of  different  form.  Some  of  them  are,  as  it  were,  only  sculptured 
in  relief  on  the  ventricular  wall,  being  attached  to  the  wall  in  their  whole  length. 
Others,  trabeculae.  are  attached  to  the  wall  of  the  ventricle  only  by  their 
extremities  and  are  quite  free,  and  often  cross  the  cavity,  between  their 
attachments ;  this  form  is  most  abundant  towards  the  apical  parts  of  the 
ventricles,  especially  on  the  right  side  where  they  form  a  close  network.  A 
third  set,  musculi  papillares,  conical  in  shape,  are  attached  at  their  bases  to 
the  ventricular  wall  and  at  their  other  ends  are  prolonged  into  fine  tendinous 
cords,  chordae  tendineae,  which  are  inserted  into  the  cusps  of  the  atrio-ventricular 
valves.  Ihe  columnic  carneie  and  the  papillary  muscles  of  the  heart  are  advan- 
tageous arrangements  of  the  cardiac  musculature  for  the  expulsion  of  the  blood 
in  .systole,  and  especially  at  the  beginning  of  that  movetiient  when  the  work 
of  the  heart  is  greatest :  in  the  later  phases  of  systole,  it  has  been  suggested,  the 
chordae  tendineae  are  relaxed.  On  the  base  of  each  ventricle  (fig.  20)  there  are 
two  orifices,  a  posterior  atrio-ventricular  orifice  (ostium  vcnosum,  B.X.A.) 
and  an  anterior  arterial  orifice  (ostium  arieriosuin,  H.N. A.),  which  are, 
resptrtively,  the  entrance  and  the  outlet  orifices  of  the  ventricular  cavity.  In 
its  pa.ssage  Ixrtween  these  two  orifices  the  blood  may  be  .said  to  traverse  a  \'-shaped 
course,  corresponding  to  the  two  parts  or  limbs  into  which  each  ventricular 
cavity  may  be  divided  (fig.  20),  namely,  a  posterior  descending  or  "  inflowing  " 
limb  and  an  anti-rior  ascending  or  "  outflowing  '"  limb.  The  separation  of  the 
limbs  is  accomplished  in  part  by  one  of  the  cusps  of  the  atrioventricular  valve  and 
in  part  by  other  structures.  Each  of  the  orifices  of  the  ventricles  is  guarded  by 
a  valve  ;  ihe.se  valves  are  named  the  atrio-ventricular  and  the  arterial  valves, 
and  the  two  sets  are  quite  different  in  their  form.  The  right  atrioventricular 
valve  is  usually  named  the  tricuspid  valve  and  the  left  one  the  mitral  valve, 
while  the  arterial  valves  are  named,  nspeclively.  the  pulmonary  valve  .in<\ 
the  aortic  valve. 

The  name  valve,  according  to  HVRTL,  was  first  used  for  the  heart  valves  by  Bknedictus  ; 
the  f.reeks  named  them  AymrMrs,  while  V'esai.us  named  them  mfmbran(T.  Gai.f..\  compared 
the  arterial  valves  to  the  letter  C  in  shape,  while  Hkister  introduced  the  name  .semilunar  for 
them.  The  Greeks  named  the  atrio-ventricular  valves  triglockines  (7Xwx"'.  «  pwint),  and 
Galf.n  trisulcas,  on  account  of  their  resemblance  to  a  three-pointed  spear  head.  Vesalius 
suggested  the  name  "  mitral  valve  "  for  the  left  atrio-ventricular  valve  because  of  its  resemblance 
to  a  bishop's  mitre. 
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Atrio-ventricular  Valves.  -The  alrio-vcntrieular  valvular  systems  consist 
of  the  following  parts  :  (1)  A  number  of  firm  membranous  cusps  or  flaps,  three 
on  the  right  side  and  two  on  the  left,  which  hang  downwards  into  the  ventricle 
from  their  attachment  at  the  atrio-ventricular  junction.  (2)  The  annulus 
fibrosus,  a  ring  of  fibrous  tissue  at  the  atrio-ventrirular  junction,  to  which  the 
ba.ses  of  the  cusps  are  attached.  (3)  The  chordae  tendineae,  fine  rigid  tendinous 
(ords,  which  are  attached  to  the  cusps  from  below.  (-1)  The  musculi  papillares, 
from  which  the  chordae  tendineae  arise. 

In  the  fresh  heart,  and  when  healthy,  the  cusps  are  white,  glistening,  tendinous, 
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Fig.  31.— The  roof  of  the  right  ventricle  viewed  from  below.     (After  Tandler.) 


curtain-like  flaps,  which  are  perfectly  smooth  on  the  atrial  surface,  but  on  the 
ventricular  surface  are  ridged  by  the  insertions  of  the  chordae  tendineae.  They 
are  united  with  one  another  at  their  basal  attachments  and  for  a  varying  distance 
along  their  adjacent  margins,  the  separateness  of  the  cusps  showing  great 
individual  differences  ;  and  they  form,  therefore,  a  short  slotted  tube  leading  from 
the  atrium  into  the  ventricle.  When  looked  at  from  the  atrium  the  cusps  appear 
to  be  continuations  of  the  atrial  wall  and,  as  will  afterwards  be  described,  the 
atrial  musculature  is  continued  downwards  in  the  atrial  surface ;  but  as  viewed 
from  below,  they  are  separated  from  the  ventricular  wall  by  a  perivalvular  space. 
The  walls  of  this  space  are  ridged  on  the  ventricular  side  by  columnae  carneae 
and  on  the  valvular  side  by  the  chordae  tendineae,  and  it  is  crossed,  near  the 
bases  of  the  valves,  by  chordae  tendineae  of  the  third  order  (see  below).  In  the 
right  ventricle  the  perivalvular  groove  is  reduced  to  a  mere  slit  between  the  septal 
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«usp  of  the  tricuspid  valve  and  the  septum,  while  in  the  left  ventricle  it  is  inter- 
rupted anteriorly  and  to  the  right  by  the  origin  of  the  aorta.  The  number  of 
rusps  is  typically  three  on  the  right  side  and  two  on  the  left  side,  but  smaller 
atTcssory  cusps  arc  ver)*  frctjucntly  found  between  the  bases  of  the  chief  cusps. 
The  free  margin  of  the  cusps  is  irregularly  dcntatcd,  the  apices  of  the  dentitions 
being  continued  into  the  chordic  tendineic.  At  these  parts,  and  immediately 
alx)vc  the  margin,  the  cusps  are  considerably  strengthened,  but  in  the  concave 
intcr\als  between  the  dentitions  the  margin  is  much  thinner.  Close  to  the  free 
l>order  of  the  cusps  on  the  atrial  surface  there  are  often  to  be  seen,  but  more 
numerous  and  Ix-tter  developed  at  birth  tli.m  in  later  life,  small  nodular  thicken- 
ings of  hyaline  appearance,  the  noduli  Albini.  Ihey  were  first  described  by 
Cruvif.lhikk,  but  afterwards  were  more  fully  studied  by  Albini,  who  described 
them  as  consisting  of  a  capsule  formed  by  fibrous  tissue,  derived  from  the  adjacent 
chordic  tendinea?,  surrounding  a  core  of  more  cellular  tissue;  and  he  compares 
them  to  the  notluli  Arantii.  Bernavs  confirmed  the  descriptions  of  Albini 
and  states  that  the  notlules  are  remnants  of  the  embryonic  valve  swellings.  They 
are  of  importance  on  account  of  their  similarity  to  pathological  conditions,  which 
indeed  Henle  held  them  to  be.  There  are  also  to  be  found  very  frequently  on  the 
cusps  at  birth  (in  103  out  of  120  hearts,  Parrot)  small  red  or  dark  red  spots 
(haematomata)  of  millet-seed  size  on  the  ventricular  surface  close  to  the  free  margin. 
They  are  only  very  infrequently  to  be  found  on  the  semilunar  valves.  They  were 
first  described  by  Elsasser,  and  all  later  writers  are  agreed  that  they  are  to  be 
found  chiefly  in  the  newborn  and  that  they  disappear  after  the  second  year  of  life. 
The  lining  membrane  of  the  haematomata  is  endothelial.  There  are  two  views 
of  their  origin,  some  (Haush.\lter,  Munhardt,  Wegelin)  holding  them 
to  be  cut  off  diverticula  of  the  endocardium,  while  others  (Berti,  Koniger, 
Hannes,  Parrot)  describe  them  to  be  derivatives  of  the  blood  vessels  of  the 
cusps.  About  midway  between  the  free  border  and  the  base  of  the  cusps,  a  very 
distinct  thickening  of  the  cusp  substance  can  be  felt ;  this  is  produced  by  the 
insertions  of  the  chorda;  tendineae  of  the  second  order  (see  below)  which  spread 
out  in  the  cusp  in  an  irregular  network.  The  middle  part  of  the  aortic  cusp  of 
the  mitral  valve  is  free  of  this  thickening,  the  passage  of  the  chordic  tendinea; 
into  it  being  different  from  the  passage  in  the  other  cusps.  Close  to  their  bases 
isolated  parts  of  the  cusps  appear  more  opaque  than  others,  the  atrial  muscle 
being  continued  downwards  at  these  places  in  pointed  processes  into  the 
cu.sps. 

Histology  of  the  Atrio-Ventricular  Valves.— The  structure  of  the  atrio-ventricular  cusps 
is  a  matter  of  considerable  importance  for  they  are  a  common  site  of  disease  processes;  but  it 
has  been  the  subject  of  much  controversy,  the  outstanding  questions  being  the  presence  or  absence 
of  blood  vcsscK  in  fh<-  normnl  rusps  and  the  extension  or  non-extension  of  cardiac  muscle  into 
them. 

Each  cusp  n)iiM>is  111  ,1  j^touiui  i>.isis  oi  tiiirous  tissue  (lamina  filirosa)  and  ;i  covering  <>i  en<io- 
cardium  which  can  l>e  des<  ribed  as  the  atrial  and  ventricular  layers  continuous  with  one  another 
at  the  free  edge  of  the  cusp.     The  lamina  fibrosa,  which  differs  greatly  in  thickness  in  the  different 
;s,  proliably  directly  on  mechanical  grounds,  arises  from  and  is  perfectly  continuous  with 
amulus  fibrosu.s,  but  its  substance  is  reinforced  by  the  chorda;  tendinea-  which  are  attached 
to  It.     It  consists  of  a  poorly  nucleated  fibrous  tissue,  the  fibres  lying  for  the  most  part  parallel 
to  the  long  axis  of  the  cusp,  and  contains  only  verj-  few  elastic  elements;    Seipp  states  that  the 
rbtstic  elements  are  quite  absent  at  birth.     Of  the  two  layers  of  endocardium  on  each  cusp,  the 
I  layer  is  much  the  thicker  ;   there  are  few  differences,  however,  in  the  structure  of  the  valvular 
cardium  from  that  of  other  parts  of  the  heart  (p.  27).     The  endothelial  layer  has  the  character- 
istic form.     There  is  a  thin  sub-endothelial  layer  of  hyaline  appearance,  and  deep  to  this  lies 
..1  propria  of  the  endocardium  ;   in  the  atrial  layer  this  is  characterised  by  a  large  amount 
...  ..V  tissue,  arranged  in  a  network  of  fine  and  coarse  fibres;    the  ventricular  endocardium 
contains  few  clastic  fibres.     The  subendocardial  layer  is  a  loose  fibrous  tissue,  most  apparent 
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on  the  atrial  surface  towards  the  bases  of  the  cusps  and  gradually  disappearing  as  it  is  traced 
towards  the  free  edge. 

Musculature  of  the  Atrio-Ventricular  Valves.— At  early  stages  of  their  development 
(p.  58)  the  cusps  of  the  atrio-ventriruhir  valves  are  largely  muscular,  both  the  atrial  and  ventricular 
musculatures  being  continued  into  them.  Subsequently  the  muscle  undergoes  retrogressive 
changes,  but  parts  of  it  persist  and,  with  their  nutrient  blood  vessels,  are  to  be  found  even  in  the 
adult.     It  is  convenient  to  describe  the  atrial  and  the  ventricular  musculature  separately. 

Atrial  Musculature.— T\iG.  continuation  of  the  atrial  musculature  into  the  atrio-ventricular  cusps 
was  described  first  by  Reid  in  the  ox  and  the  horse,  and  shortly  afterwards  by  KriScu  nkr  and  then 
more  fully  by  Savory,  Joseph,  and  Gussenbauer  in  man.  Gussenbauer  states  that  an  atrial 
valvular  musculature  is  of  constant  occurrence  in  man,  the  fibres  being  arranged  longitudinally 
and  reaching  downwards  to  be  inserted  on  the  atrial  surface  at  the  level  of  the  attachments  of  the 
chordae  tendinese  of  the  second  order  (see  below)  on  the  ventricular  surface.  The  presence  of 
atrial  muscle  in  the  cusps  is  now  generally  admitted,  but  while  some  (Langer,  Darier,  Odinzow, 
Tandler)  describe  it  to  be  better  developed  and  of  greater  extent  in  children,  others  (Albrecht 
and  Gussenbauer)  state  that  it  is  better  developed  in  the  adult.  The  aortic  cusp  of  the  mitral 
valve  contains  the  greatest  amount  of  muscle,  but  the  order  in  which  the  other  cusps  should  be 
arranged,  as  regards  their  muscle  content,  has  been  variously  stated  (Gussenbauer,  Albrecht, 
Langer).  Gussenbauer  gives  the  order  as  (1)  aortic  cusp,  (2)  anterior  cusp  of  tricuspid, 
(3)  septal  cusp  of  tricuspid,  (4)  posterior  cusp  of  mitral,  and  (5)  posterior  cusp  of  tricuspid  ;    but 
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Fig.  32.— The  atrial  musculature  of  the  aortic  cusp  of  the  mitral  valve. 

A.,  in  the  newborn;    B.,  in  the  adult. 

there  are  probably  individual  differences  as  there  certainly  are  great  individual  variations  in  the 
extent  of  the  muscle,  and  by  naked-eye  examination  it  is  sometimes  impossible  to  detect  any 
muscle  at  all.  The  endocardium  must  be  very  carefully  removed ;  the  muscle  may  tear  off  with 
it.  Microscopic  examination  is  much  more  satisfactory.  The  muscle  consists  of  more  or  less 
isolated  bundles  which  are  continuous  above  with  the  atrial  musculature  and  run  downwards 
in  the  long  axis  of  the  cusp  in  the  subendocardial  layer.  They  do  not  extend  beyond  the  upper 
third  of  the  cusp,  but  end  below  in  pointed  processes  on  the  atrial  surface  of  the  lamina  fibrosa; 
Albrecht  has  stated  that  they  become  continuous  with  the  chordae  tendineae,  but  this  is  a  matter 
of  considerable  doubt.  The  occurrence  of  transverse  fibres  in  the  cusps,  as  described  by 
Gussenbauer,  is  somewhat  doubtful,  though  the  circular  muscle  of  the  atrium  may  at  some 
places  reach  the  bases  of  the  cusps. 

Ventricular  Musculature.— lYvQ  presence  of  rudiments  of  the  extension  of  the  ventricular  muscu- 
lature into  the  cusps  of  the  atrio-ventricular  valves  was  described  first  by  Bernays  ,  and  subsequently 
in  greater  detail  by  Zuckerkandl,  Langer,  and  Henle.  It  occurs  (in  20  per  cent,  of  subjects 
in  the  anterior  cusp  of  the  tricuspid  valve,  Zuckerkandl)  in  the  form  of  a  few  isolated  bundles 
which  bend  out  of  the  ventricular  wall  and,  passing  either  freely  across  the  perivalvular  groove  or  in 
its  roof,  reach  the  ventricular  surface  of  the  cusp  at  its  base  and  run  for  a  short  distance  towards 
the  free  border.  They  are  most  often  to  be  found  associated  with  the  chordae  tendineae  of  the 
third  order  (see  below,  and  fig.  31)  and  may  sometimes  be  followed  to  the  insertions  of  the  chordae 
tendineae  of  the  second  order.  Muscle  fibres  extending  from  the  papillary  muscles  to  the  cusps 
along  the  chordae  tendineae  are  very  rarely  to  be  found,  but  isolated  cases  of  their  presence  have 
been  described. 

The  Blood  Vessels  of  the  Atrio-Ventricular  Valves.— Luschka,  in  1852,  described 
for  the  first  time  blood  vessels  in  the  valves  of  the  heart ;    and  though  his  descriptions  ol  the 
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prcM-nrf  of  blood  vc»scls  in  the  semilunar  valves  have  not  been  established,  the  presence  of 
vcmtU  in  the  normal  atrio-ventricular  valves  has  been  confirmed  by  a  large  numl>er  of  writers 

(CtKRIAt  H.  FORSTER.  K6I.I.IKKR.  RcJSKNSTEIN,  SaJ'I'KY.  FrEY,  IIeNLE,  CoEN.  (".ROSS, 
SfAl.TKIIoiJj)  and  is  now  fjencrally  nc<«-ptc<l.  The  <hicf  opponrnts  of  the  normal  vascularity 
of  the  rus)>s  have  been  the  patholopicul  anatomists,  especially  ROKITANSKY  and  VlRciiow, 
and  ihoy  have  U-cn  recently  supixirtcd  by  Joseph  and  Cadiat.  LANf.ER,  however,  in  a  very 
complete  work,  which  was  subsequently  confirmed  by  Darikr  and  ()i»iN/,ow,  has  demonstrated 
that,  while  the  purely  fibrous  parts  of  the  ctiKps  arc  avascular,  blood  vessels  arc  normally  to  be 
found  with  the  muscular  fibres.  In  early  stapes  of  devi;loj)ment  the  vessels  enter  the  cusps  from 
»l>ove  with  the  atrial  musculature  and  from  below  along  the  muscular  strands  which  l>ecome 
the  chordw  tendinea; ;  but  with  the  retrogression  of  the  vaU-ular  musculature  the  vessels  in  large 
part  disap|H-ar  and  are  afterwards  strictly  confined  in  their  distribution  to  the  persisting  muscle. 
(Even  in  the  foetus  the  chorda-  tendine.x-  are  avascular  (NlssHAlM)  as  they  arc  transformed  even 
then  into  tendinous  bundles.)  The  cusps  are  more  vascular  at  birth  and  in  early  life  than  later, 
and  of  the  several  cusps  the  aortic  cusp  of  the  mitral  valve,  as  would  follow  from  the  descriptions 
given  al)Ove  of  the  valvular  musculature,  is  the  most  vascular. 

NcssBAt'M  has  recently  descrilied  the  arrangement  of  the  valvular  blood  vessels  in  great 
detail,  and  has  defined  a  vascular  area  of  the  cusps  about  3  mm.  broad  running  parallel  with 
the  base.  In  many  mammals  (pig,  ox)  blood  vessels  occur  normally  throughout  the  valve, 
but  an  extension  l>eyond  the  musculature  in  man  is  probably  always  the  result  of  inflammatory 
changes. 

Chordae  Tendineae.— The  chordae  tendineac  are  rigid  glistening  cords  of 
fibrous  tissue,  covered  with  a  thin  closely  adherent  layer  of  endocardium.  They 
are  round  or  oval  in  transverse  section.  They  spring,  as  a  rule,  in  groups  from 
the  apices  of  the  papillary  muscles,  but  occasionally  singly  from  small  nipple-like 
muscular  elevations,  and  in  a  few  instances,  and  especially  on  the  septum,  directly 
from  the  ventricular  wall.  Each  papillary  muscle  gives  origin  to  a  varying 
number  (most  commonly  between  four  and  ten)  of  main  cords  which  in  their 
course  towards  the  cusps  split  into  finer  cords,  and  close  to  the  cusp  margin 
these  may  again  divide  into  still  finer  cords;  there  is  the  greatest  variability, 
however,  in  the  mode  of  the  subdivision.  The  manner  of  the  insertion  of 
the  cords  on  the  cusps  has  been  made  the  basis  of  their  arrangement  in  groups, 
and  several  schemes  of  grouping  have  from  time  to  time  been  advanced  (Senac, 
KiJRSCHNKR,  See,  Henle,  Tandler,  and  others).  The  grouping  proposed 
by  Tandler,  and  adopted  here,  with  slight  modification,  is  as  follows  (fig.  31) : — 

Group  1. — Chordae  tendincie  which  are  inserted  on  the  free  edge  of  the  cusp. 
They  are  very  numerous  delicate  threads  which  arise  from  the  other  cords  near  ^ 
the  cusp  margin,  and  often  form  a  fine  network  before  they  are  attached  to  it. 

Group  2. — Chordae  tendineic  which  are  inserted  at  intervals  on  the  ventricular 
surface  of  the  cu.sp  from  near  its  free  edge,  which  they  pass  over,  to  the  attached 
Ixjrder.  They  are  distinctly  thicker  than  the  chordae  of  Group  1,  and  those 
attached  to  any  one  cu.sp  arc  derived  frotn  two  different  papillary  muscles  or 
from  one  papillary  muscle  and  the  wall  of  the  ventricle.  At  their  insertions 
most  of  these  chorda*  spread  out  in  a  fibrous  network  which  is  attached  to  the 
lamina  fibrosa  and  which  produces  the  thickening  of  the  cusp  mentioned  above  ^ 
as  occurring  about  its  middle  part.  Some  of  the  cords,  however,  pass  through 
the  network  to  be  in.serted  at  the  base  of  the  cusp  into  the  annulus  fibrosus,  an 
insertion  which  is  also  gained  by  a  number  of  triangular  tendinous  processes 
which  ari.se  from  the  network  itself.  As  a  general  rule,  the  stronger  the  cord 
the  higher  is  its  insertion  on  the  cusp. 

Group  3. — The  chorda:  tendinea:  of  this  group,  which  were  first  described  by 
Henle,  can  be  seen  only  when  the  other  chorda:  are  divided  and  the  cusp  is 
turned  upwards.  They  will  then  be  seen  to  be  short  broad  fibres  which  stretch 
ftcross  the  peri  valvular  groove  from  the  ventricular  wall  to  the  under  surface  r\^ 
the  cusp  near  its  Ixtse  and  to  run  along  the  cusp  a  short  distance  towards  its  fru 
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In  certain  animals  they  are  fused  to  form  a  mcmbrana  chordarum 
(Jarish),  and  they  are  associated  at  some  places  with  small  slips  of  valvular 
ventricular  muscle  (p.  45). 

False  Tendons. — The  name  false  tendons  is  given  to  fine  tendinous  cords 
which  are  often  to  be  found  in  the  ventricles  in  trabecular  formation.  Their 
presence  has  long  been  known  and  they  were  considered  to  be  sufficiently  described 
as  aberrant  chordae  tendineae  or  atrophic  trabecule; ;  Tawara,  however,  gave 
them  a  new  significance  by  stating  that  they  were  anomalies  in  the  distribution 
of  the  atrio- ventricular  bundle  tissue.  This  description  has  only  in  part  been 
confirmed,  for  subsequent  writers  (Alsleben,  Monckeberg,  de  Witt,  Retzer) 
have  found  that  some  of  these  tendons  contain  no  muscle  fibres  of  any  kind  (true 
false  tendons)  or  only  ventricilar  muscle  (trabecular  tendons).  The  tendons 
which  carry  offsets  of  the  atrio-ventricular  bundle  (three  in  ten,  Alsleben)  may 
carry  this  tissue  alone  or  in  association  with  ventricular  muscle.  Engel  states 
that  false  tendons  are  to  be  found  in  50 
per  cent,  of  hearts,  and  describes  as 
typical  one  which  arises  below  the 
septum  membranaceum  and  runs  to  the 
posterior  papillary  muscle  of  the  left 
ventricle.  In  many  animals  larger  parts 
of  the  atrio-ventricular  system  pass  from 
the  septum  to  the  papillary  muscles 
as  false  tendons.  Their  occurrence 
in  the  human  heart  is  described  by 
AcKERKNECHT  {Anat .  Anz.,  Bd.  Ivi.). 

The  Arterial  Valves.— The  arterial 
valves  are  placed  at  the  roots  of  the 
pulmonary  artery  and  the  aorta,  and  are 
named  the  pulmonary  valve  and  the 
aortic  valve.  Each  valve  consists  of 
three  approximately  semilunar  cusps, 
which  are  attached  by  their  thickened 
convex  margins  to  the  arterial  wall ; 
while  the  free  borders,  slightly  concave 
upwards,  project    into    the    interior    of 

the  vessel  (fig.  33).  The  walls  of  the  pulmonary  artery  and  aorta  are  bulged 
out  opposite  each  cusp,  the  bulged  parts  being  known  as  the  pulmonary  and 
aortic  sinuses  of  Valsalva  ;  and  with  them  the  cusps  form  pocket-like  cavities 
open  upwards.  The  pointed  triangular  spaces  between  the  cusps  are  known  as 
the  spatia  interval vularia.  The  position  of  the  cusps  varies,  but  most  com- 
monly, if  they  are  examined  while  the  heart  is  in  its  normal  position  in  the  body, 
there  are  two  side  cusps  in  front  and  one  median  cusp  behind  in  the  pulmonary 
artery,  and  one  cusp  in  front  and  two  side  cusps  behind  in  the  aorta  (fig.  23). 
The  free  edge  of  each  cusp  is  raised  a  little  at  its  middle  and  there  is  situated  there 
a  small  nodular  thickening,  the  nodulus  or  corpus  Arantii.  On  each  side 
of  this  there  is  a  narrow  semilunar  area,  adjoining  the  free  edge,  which  is  specially 
thin  ;    these  parts  of  the  cusps  are  named  the  lunulae. 

The  arterial  valves  close  the  arterial  openings  by  the  approximation  of  the 
free  edges  of  the  cusps  when  the  pockets  they  form  are  filled  ;  and  the  closeness  of 
the  contact  is  furthered  by  the  thinness  of  the  lunulee  and  the  presence  of  the 

.noduli.  . 

The  semilunar  cusps  are  transparent  during  youth,  but  later  m  life  they 


Fig.  33.— a  portion  of  the  pulmonary 
artery  and  wall  of  the  right 
ventricle  with  one  entire  segment 
and  two  half  segments  of  the  pul- 
monary valve. 

a,  b,  c,  sinuses  of  Valsalva  opposite  the 
segments ;  d,  d' ,  inner  surface  of  the  ven- 
tricle ;  1,  2,  curved  attached  border  of  the 
segments;  3,  corpus  Arantii,  at  the  middle 
of  the  free  border. 
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become  perfectly  opaque.  The  aortic  cusps  are  thicker  and  more  tendinous  in 
apjx'arance  than  the  pulmonary  cusps,  but  the  noduli  of  the  pulmonary  cusps 
(sometimes  called  the  noduli  of  Morgagni)  arc  larger  and  more  prominent  than 
the  noduli  of  the  aortic  cusps.  The  lunuhe,  and  occasionally  larger  parts  of 
the  cusps,  arc  sometimes  fenestrated,  without  any  apparent  disturbance  of  the 
valve  mechanism  ;  fenestration  is  more  common  in  the  male  than  in  the  female 
and  in  the  aortic  than  in  the  pulmonary  cusps  {SiMPSOS,/our.  Anat.,  vol.  xxxiii.). 
Small  notlular  excrescences,  first  described  by  Luschka  and  Lambe,  are  some- 
times to  l>c  found  on  the  inner  surface  of  the  aortic  cusps.  On  close  naked-eye 
examination  of  the  cusps,  especially  when  stretched,  delicate  curved  thickenings, 
lying  concentric  with  the  free  border,  can  be  seen  ;  they  extend  from  the  attached 
lx)rder  to  the  noduli.  The  noduli  fill  the  central  space  that  would  otherwise 
remain  when  the  valves  close  and,  as  suggested  by  Ewald,  they  may  act  as 
interlocking  teeth  which  hinder  the  slipping  of  the  cusps  on  one  another.  Irregu- 
larities in  the  number  and  arrangement  of  the  cusps  are  occasionally  seen.  The 
most  common  irregularity  is  the  presence  of  a  fourth  cusp  in  the  pulmonary 
valve ;  when  four  cusps  are  present  they  may  or  may  not  be  of  equal  size.  (See 
further,  Delitzin,  Arch.  f.  Anat.  u.  Phys.,  1892.)  An  additional  cusp  in 
the  aortic  valve  is  of  rare  occurrence.  Either  valve  may  consist  of  two  cusps, 
and  the  pulmonarx*  valve  has  been  seen  formed  by  a  single  cusp  ;  other  anomalies 
of  the  pulmonar)-  valve,  for  example  when  the  cusps  are  fused  together  forming  a 
diaphragm  with  a  small  central  aperture,  often  arc  ompany  defects  in  development 
of  the  heart.  The  description  of  the  position  of  the  cusps  given  above  is  that 
usually  followed  by  English  anatomists,  but  Continental  writers  (and  the  B.N. A.) 
describe  one  pulmonary  cusp  in  front  and  two  behind,  and  two  aortic  cusps  in 
front  and  one  behind.  The  English  description  is  usually  attributed  to  Gibson, 
though  the  work  in  which  it  is  first  stated  is  unknown,  while  the  Continental 
description  was  first  given  by  Vesalius.  In  an  examination  of  KM)  bodies, 
WiNDLE  {Proi.  Anat.  Soc,  Jour.  Anai.,  vol.  xxix.)  found  the  arrangement 
described  by  Vesalius  in  15  subjects,  and  the  arrangement  described  by  Gibson 
in  85  subjects.  The  difference  is,  of  course,  entirely  topographical,  for  the 
developmental  relations  of  the  two  sets  of  valves  are  maintained  ;  what  is  named 
here  the  right  cusp  of  the  aortic  valve  is  really  the  posterior  cusp  of  development, 
as  is  maintained  in  the  B.X.A.,  and  the  left  cusp  of  the  pulmonary  valve  is  the 
anterior  cusp  (fig.  23).  A  criticism  of  the  English  nomenclature  is  given  by 
Mall  {Attur.  Jour.  Anai.,  vol.  ii.).  A  convenient  nomenclature  for  the  aortic 
cusps  is  right  and  left  coronary  cusps  for  those  opposite  the  origin  of  the  right 
and  left  coronary  arteries  and  non-coronary  cusp  for  that  opposite  the  vacant  sinus. 
The  sinuses  of  Valsalva  are  bounded  distal ly  by  a  ridge,  often  irregular 
in  its  cour.se,  which  lies  a  little  distance  above  the  level  of  the  tree  edge  of  the 
cusp.  In  the  young,  and  even  more  .so  in  the  newborn,  the  upper  parts 
of  the  sinuses  are  separated  by  short  vertical  ridges  which  ascend  on  the  vessel 
wall  from  the  place  of  common  attachment  of  two  cusps  (fig.  33) ;  in  later  life 
these  ridges  disappear.  They  are  hyaline  in  appearance  and  correspond  to 
thickenings  of  the  ve^'^ol  walls. 

Histology  of  the  Semilunar  Cusps.  -The  sciniliin.ir  cusps  consist  of  throe  layers,  namely, 
a  mi'i'ilf  fibrous  tissue  l.iycr  and  two  rovcrinp  layers,  which  are  formed  on  the  one  side  by  a 
prolon(;ation  of  the  ventricular  endocardium  and  on  the  other  by  a  continuation  of  the  lining 
co*t  of  •■  'V.     The  ventricular  I.iyer  is  smooth,  but  the  arterial  layer  .shows  fine  transverse 

folfi*-  TH  descril>cd  the  ventricular  and  arterial  Livers  to  be  similar  in  their  structure, 

but  more  recently  M6nckeberg  (in  the  aortic  valve)  and  Torrigiani  (in  the  pulmonary  valve) 
'  f  they  are  in  fact  quite  different.     In  the  following  account  Monckeberg's 

r  Ixrn  .idnpffd  :    (\  I  Til.    middle  fibrous  tissue  layer,  which  is  much  thicker  in 
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the  aortic  than  in  the  pulmonary  cusps,  consists  of  transverse  and  longitudinal  fibres.  The 
nodular  thickenings  at  the  attachments  of  the  cusps,  especially  of  the  aortic  cusps,  which  are 
common  in  old  age,  are  due  to  the  deposition  of  fat  in  this  layer.  (2)  The  ventricular  layer 
of  endocardium  consists  of  three  strata  :  (a)  a  subendothelial  fibrous-tissue  zone  with  numerous 
fine  elastic  fibres  mostly  longitudinal  in  direction;  (d)  a  layer  which  remains  yellow  after 
Van  Gieson's  stain,  rich  in  nuclei  and  with  numerous  fine  elastic  fibres  arranged  transversely; 
(c)  a  fibrous-tissue  zone  in  which  there  are  few  elastic  fibres.  At  the  boundary  between  (6)  and 
(c)  there  is  an  elastic  lamina  similar  to  the  lamina  elastica  interna  of  an  artery  wall.  (3)  The 
arterial  layer  is,  as  a  rule,  the  thickest  layer  of  the  cusp.  It  consists  of  (a)  a  narrow  subendothelial 
zone  and  (d)  a  broad  zone  of  compact  fibrous  tissue  arranged  transversely,  in  which  there  are 
only  a  few  fine  elastic  fibres. 

In  the  lunulse  the  middle  fibrous  layer  is  absent,  while  at  the  noduli  it  is  much  thickened 
and  also  looser  in  texture.  At  the  insertions  of  the  cusps,  zones  (a)  and  (d)  of  the  ventricular  layer 
are  continued  into  the  subendocardial  layer  of  the  ventricle,  while  the  fibrous-tis.sue  zone  (c)  is 
continued  into  the  annulus  fibrosus  of  the  arterial  root ;  the  fibrous  tissue  of  the  arterial  layer 
is  continued  into  the  fibrous  tissue  of  the  media  of  the  artery  wall  and  the  subendothelial  zone 
passes  into  the  intima. 

It  is  now  generally  agreed  that  normally  there  are  no  blood  vessels  in  the  semilunar  valves. 
LuscHKA,  however,  held  that  vessels  were  normally  present  in  them,  and  he  was  supported  in 
this  view  by  Krause  and  Rosenstein  ;  all  subsequent  writers,  however  (Kolliker,  Joseph, 
Langer,  Henle,  Frey,  Sappey,  Coen,  Nussbaum,  Darier,  Gross,  and  others),  have 
been  unable  to  discover  any  evidence  of  normal  vascularity;  and  further,  Odinzow  has 
examined  the  cusps  in  the  foetus  and  states  that  in  the  six  months  old  foetus  no  vessels  are  to 
be  found.  In  pathological  changes  in  the  valves,  it  has  always  been  admitted,  vessels  may  be 
seen  throughout  the  entire  extent  of  the  cusps.  Recently,  however,  Bayne-Jones  has  described 
a  successful  injection  of  normal  aortic  and  pulmonary  cusps  and  thus  reopened  the  whole 
question  of  the  vascularity  of  the  arterial  heart  valves  and,  therefore,  of  embolic  endocarditis. 

Structure  of  the  Arterial  Root.— The  structure  of  the  wall  of  the  sinuses  of  Valsalva  cannot 
be  understood  without  reference  to  the  structure  of  the  arterial  root  as  a  whole ;  and  of  this 
matter  only  a  general  description  will  be  given  here  on  account  of  the  developmental  complexities 
which  are  involved.  It  may  be  simply  stated  that  at  each  of  the  arterial  openings  there  is  a 
short  tubular  zone  formed  of  fibrous  tissue,  the  proximal  and  distal  borders  of  which,  at  its  junc- 
tions with  the  ventricular  muscle  and  with  the  typical  arterial  wall  respectively,  are  uneven 
(fig.  45).  This  zone  is  a  derivative  of  the  bulbus  cordis  segment  of  the  heart,  as  are  also  the 
semilunar  valves  which  are  found  on  its  inner  surface.  Since  the  valves  are  derived 
from  the  proximal  ends  of  the  distal  bulbar  swellings  (p.  62),  it  follows  that  the  part  of  the 
fibrous  zone  which  lies  between  the  attachments  of  the  valves  and  the  lower  end  of  the  typical 
arterial  wall  is  derived  from  the  distal  part  of  the  bulbus ;  and  the  irregularity  of  its  distal 
margin  is  due  to  the  uneven  advance  of  the  arterial  wall  into  the  bulbus  wall.  The  part  of  the 
fibrous  zone  which  lies  proximal  to  the  valves  is  the  rudiment  of  the  ventricular  part  of  the  bulbus, 
the  muscle  tissue  of  which  has  disappeared ;  the  proximal  part  of  it  is  included  in  the  heart 
and  covered  with  ventricular  muscle,  but  the  boundary  between  the  two  parts  is  irregular  on 
account  of  the  irregular  distal  excursion  of  the  ventricular  muscle. 

The  boundary  between  the  ventricles  and  the  arteries,  in  the  functional  sense,  is  easily  defined 
as  the  line  of  attachment  of  the  semilunar  valves.  It  will  be  apparent,  however,  from  what  has 
been  said  above,  that  the  morphological  boundary  by  no  means  corresponds  to  the  functional 
boundary ;  that  the  ventricle  cannot  be  considered  to  extend  upwards  as  the  spatia  intervalvularia 
nor  the  artery  to  extend  downwards  as  the  sinuses  of  Valsalva.  Henle  was  the  first  to  draw 
attention  to  this  difficulty  of  defining  the  ventriculo-arterial  boundary  and  introduced  the  term 
"  arterial  root  "  (the  fibrous  zone  mentioned  above)  to  replace  the  term  "  arterial  ring  "  by 
which  this  boundary  had  been  previously  defined ;  and  he  described  the  unevenness  of  the  margin 
of  the  ventricular  muscle— in  a  general  way  that  it  reaches  highest  in  the  spatia  intervalvularia 
and  that  at  certain  places  it  reaches  above  the  valve  attachment.  Luschk.a.,  however,  was  the 
first  to  describe  the  fibrous  zones  and  their  connections  in  detail.  According  to  him,  and  to 
Torrigiani,  there  is,  at  the  root  of  each  artery,  a  circular,  almost  cartilage-like  zone  in  the  form 
of  three  arches  concave  upwards,  the  arches  being  flatter  than  the  arches  formed  by  the  valve 
attachments,  but  their  ends  coincident  with  the  apices  of  the  spatia  intervalvularia.  On  the 
right  side  (annulus  arteriosus  dexter)  the  convexity  of  the  arches  rests  directly  on  the  ventricular- 
muscle  substance;  on  the  left  side,  however  (annulus  arteriosus  sinister),  the  fibrous  substance 
of  the  left  arch  is  continued  downwards  into  the  aortic  cusp  of  the  mitral  valve  and  that  of  the 
right  arch  into  the  pars  membranacea  septi.     (See  further,  "  Skeleton  of  the  Heart.") 

The  wall  of  the  sinuses  of  Valsalva,  then,  consists  in  part  of  arterial  wall  and,  at  a  varying 
distance  below  this,  of  the  fibrous  tissue  of  the  "  arterial  root,"  in  which  there  is  little  or  no 
elastic  tissue,  and  which  is  continuous  with  the  fibrous  tissue  of  the  cusps  of  the  valves  at  their 

VOL.  IV.      PART  III.  4 


60  THE   INTERIOR   OF   THE   HEART 

inirrtion  and  with  the  fihrous  Iimuc  of  the  vrntricular  muMulatun-.     At  the  traniiition  of  the 
nrtcry  into  the  "  nrtrrini  root  "  the  clastic  tiwiuc  of  the  arterial  wall  l<ccomcs  gradually  less    4 
U  in  H  |H>int«l  i  ii  whiih  lies  tlo.sr  to  the  intinial  (oat.     The  wall,  as  it  were,  is 

i   oft,  the  outer   ;  the  mc<lia  «ndinK  at  a  liijjiicr  kvtl  than  the-  inner  parts;    and 

ihi>  liCAxlled  part  is  embraced  on  the  exterior  l>y  the  conversely  lK;vfllcd  upper  part  of  the  fibrous 
"  urirri  "     The  thi(kn<ss  of  the  vessel  is  thus  reduced  in  the  sinus,  on  an  average,  to 

nlioul  «  The  intinta  of  the  arttr)-  is  also  tliinned  as  it  passes  into  the  sinus. 

The  level  of  the  line  of  transition  from  the  artery  to  the  arterial  root  is  the  same  in  all  three 
siiuisrs  of  '■  ■  -,  the  distance  l>etween  the  valve-  attachments  and  the  arterial 

wall  iK-inj"  ;,  ■'<■  of  the  sinuses,  where  it  is  al>out  one-third  of  the  length  above 

the  cusp  margin,  and  least  at  the  sides.  In  the  aorta  the  level  is  different  in  the  three  sinuses; 
in  '■  '  '  sinus  the  elastic  tissue  of  the  arterial  wall  reaches  nearly  to  the  line  of  the  cusp 

atl.i  in  the  lift  sinus  aliout  thrte-fiuarters  of  the  way  down,  and  in  the  anterior  sinus 

the  vessel  wall  ends  at  approximately  the  same  level  as  in  the  pulmonary  artery.  The  upward 
extensijin  of  the  ventricular  musculature  is  greatest  in  the  left  sinus  of  the  pulmonar\-  arterj*, 
the  greater  part  of  the  cusp  of  this  sinus  being  attached  to  muscle  tissue;  in  the  jMJsterior  pul- 
monar)-  sinus  the  musculature  reaches  just  to  the  attached  border  of  the  cusp,  while  in  the  right 
sinus  it  reaches  a  little  beyond  it.  L.XNGER  has  stated  that  in  the  child  the  attachment  of  the 
cusps  is  higher  and  is  not  surrounded  by  ventricular  muscle.  As  already  stated,  the  fibrous 
tissue  of  the  aortic  root  is  continued  downwards,  on  the  left  into  the  anterior  cusp  of  the  mitral 
valve,  and  on  the  right  into  the  septum  membranaceum. 

Right  Ventricle.  The  cavity  of  the  right  ventricle,  as  is  well  shown  on 
a  ca.si  of  it,  has  the  form  of  an  irregular  three-sided  pyramid,  the  apex  of  which 
is  at  the  origin  of  the  pulmonary  artery,  while  the  walls  are  as  follows:  (1)  A 
medial  or  septal  convex  wall,  which  bulges  into  the  cavity  so  that  in  cross  section 
the  cavity  i^  crescentic  in  form  (fig.  42);  (2)  an  antero-lateral  bulged  out  wall, 
which  corresponds  to  the  sterno-costal  surface;  (3)  a  postero-inferior  flat  wall, 
which  corresponds  to  the  diajjhragmatic  surface  and  forms  the  base  of  the 
pyramid  ;  it  passes,  without  definite  boundary,  into  the  anterolateral  wall  at 
the  margo  acutus,  but,  like  it,  it  is  separated  from  the  septal  wall  by  a  definite 
groove;  and  (4)  a  narrow  upper  wall  or  roof,  which  runs  forwards  and  to  the 
left  from  the  atrio-ventricular  to  the  arterial  orifice  (fig.  34). 

Between  the  venous  and  arterial  orifices  the  roof  of  the  right  ventricle  projects 
downwards  in  the  form  of  a  thick  rounded  muscular  ridge,  12  to  15  mm.  high, 
the  crista  supraventricularis  (figs.  31  and  34).  This  ridge  divides  the  upper 
part  ol  the  veiuricular  tavity  into  a  posterior  "  inflowing  "  or  atrial  part,  into 
which  the  atrio-ventricular  orifice  leads,  and  an  anterior  "  outflowing  "  part 
which  leads  upwards  into  the  pulmonary  artery ;  this  latter  part,  already 
recognised  on  the  exterior  of  the. heart,  is  named  the  conus  arteriosus  or 
infundibulum 

The  crista  supraventricularis  (B.N. A.)  was  first  accurately  described  by  Wolff  (1871) 

and  •' '    not  dctinitily  named  by  him,  is  usually  calle»l   tffron  Jt   Wolff  by  French  writers; 

I'l  names  it  the  fleshy  jKins,  and  .SapPI.V,  Criviki.HIKR.  and  .Sek  the  muscle  comprcsscur 

tie  ia  vaivult  trifuspidale ,  S<-;e  comparing  it  with  the  [jywerful  muscular  compressor  of  the 
tricuspid  orifice  of  birds  (p.  II).  Hk.ni.k  describes  it  as  a  muscular  bridge  which  corresponds 
with  and  forms  a  substratum  for  the  beginning  of  the  aorta  from  the  left  ventricle;  but  it  is  to 
\k  noted  that  the  ridge  is  not  produced  by  the  aorta  but  by  a  definite  muscle  bundle  which  begins 
on  tl»c  antero-lateral  wall  and  arches  medially  across  the  roof  l)Ctween  the  two  orifices  of  the 
ventricle,  and  is  n  derivative  of,  or  at  least  is  in  the  position  of,  the  bulboauricular  fold  (p.  1!>) 
of  the  embrjonic  heart.  The  term  conus  arteriosus  was  applied  to  the  arterial  part  of  the  ventricle 
by  Woi.KF,  and  infundibulum  was  first  used  by  .S.xprKV,  Crcvielhier,  and  Puirier  ;  See  names 
it  the  pulmonary  oinal.  A  fossji  of  varying  depth  lies  l>ctween  the  crista  supraventricularis  and 
the  anterior  (or  infundibular)  cusp  of  the  tricuspid  valve. 

The  concave  untero-latcral  wall,  which  is  relatively  thin,  is  richly  .set  with 
columnar  carneie.  the  larger  masses  of  which  lie  parallel  with  the  long  axis  of 
the  cavity.     Posteriorly   they  reach   upwards  to  the   basal   attachments  of  the 
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tricuspid  valve  flaps,  but  anteriorly,  when  followed  upwards,  they  become 
gradually  smaller  and  ultimately  disappear,  so  that  the  interior  of  the  conus 
arteriosus  is  smooth. 

The  posterior  wall    is   covered   with   columns   earner   in   its   whole  extent 
(fig.  35). 

The  convex  medial  (or  septal)  wall  can  !)c  divided  into  two  parts,  an  upper 

S.V.C. 


I.r.C 


P. A.  ■ 


C.S. 


Fig.  34. — Cast  of  the  interior  of  the  right  atricm  and  ventricle. 
(;]  nat.  size.     From  Tandler's  "  Anatomie  des  Herzens  ""  (Gustav  Fischer,  Jena).) 

The  cast  is  viewed  from  the  septa"!  side.  The  impression  of  the  fossa  ovalis  is  seen  on  the 
atrial  part.  The  separation  of  the  ingoing  and  outgoing  parts  of  the  ventricle  is  shown.  -S".  F.C., 
superior  vena  cava;   I.V.C.,  inferior  vena  cava;   /*..-?.,  pulmonary  artery;  C. 6".,  coronary  sinus. 


smooth  part  and  a  lower  richly  trabeculated  part ;  on  the  larger  upper  area, 
it  is  true,  there  may  be  seen  the  origin  of  numerous  chordse  tendinese  and  also 
large  flattened  ridge-like  muscle  bands,  but  these  are  not  raised  from  the  wall 
as  typical  trabecular  formations.  At  the  upper  part  of  this  area,  immediatcly 
below  the  septal  end  of  the  crista  supraventricularis,  lies  the  pars  membranacea 
of  the  ventricular  septum,  covered  by  the  medial  (or  septal)  cusp  of  the  tricuspid 
valve.  At  the  junction  of  the  upper  and  lower  parts  of  the  septal  wall  there 
arises  a  trabecular  formation,  very  variable  in  its  amount  and  in  its  form,  which 
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Fig.  35.— a  dissection  of  the  ventricles,  viewed  from  in  front.     (A.  K.  Maxwell.) 
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stretches  across  the  lower  part  of  the  ventricular  cavity  and  ends  on  the  antero- 
lateral wall  (fig.  35).  The  uppermost  part  of  this  formation  is  usually  a 
more  or  less  isolated  rounded  trabecula  ;  it  is  named  the  moderator  band 
(trabecula  septo-marginalis,  Tandler  ;    trabecula  supraventricularis,  Retzer). 

The  upper  smooth  part  of  the  septal  wall  can  readily  be  divided  into  two  parts,  one,  which 
forms  the  medial  wall  of  the  conus,  in  front  of  the  crista  supraventricularis,  and  the  other, 
which  forms  the  medial  wall  of  the  "  inflowing  "  part  of  the  ventricle,  behind  it.  The  name 
moderator  band  was  first  used  by  King  (1837).  He  studied  it  in  different  mammals  and  named 
it  the  moderator  hand  of  distension,  for  he  believed  it  prevented  a  too  great  distension  of  the 
ri£;ht  ventricle  in  diastole.  According  to  Holl,  Leonardo  da  Vinci  figures  it  very  accurately 
ill  one  of  his  drawings,  and,  as  Tandler  points  out,  it  appears  to  be  indicated  in  a  drawing 
ly  Vesalius.     Poirier  names  it  the  bandelette  ansiforme,  and  Testut  the  faisceau  argue. 

riiere  can  now  be  no  doubt,  though  it  has  been  described  as  a  variation  by  several  authors, 
that  this  band  is  a  typical  and  proper  formation  of  the  right  ventricle  and  that,  as  the  crista 
supraventricularis  and  the  anterior  cusp  of  the  tricuspid  valve  separate  the  two  parts  of  the 
ventricular  cavity  above,  it  separates  the  two  parts  below.  It  has  been  very  fully  studied  by 
Retzer  (whose  nomenclature,  however,  has  not  been  adopted  here),  who  has  demonstrated 
that  in  many  species  it  consists  only  of  fibres  of  the  atrio-ventricular  conducting  system  (bundle 
of  His),  and   as   is    indicated   in  the  section  on  comparative  anatomy   (p.  9),  Tandler  has 

K  scribed  it  to  be  the  homologue  of  the  right  part  of  the  septum  of  the  general  reptilian  heart 
and  named  it  the  trabecula  septa-marginalis.  As  has  already  been  stated,  the  moderator  band 
shows  many  variations  in  its  form  and  size ;  it  may  be  a  stout  muscular  bundle  or  a  thin  thread-like 
cord.  In  some  instances  it  is  considerably  broadened  at  its  origin  and  reaches  upwards  on  the 
s<  ptum  to  the  crista  supraventricularis  ;  in  others  it  springs  from  the  septum  as  a  narrow  sharply 
circumscribed  band.  Its  course  from  the  medial  to  the  lateral  wall  shows  few  variations,  but 
the  number  and  arrangement  of  the  trabeculae  which  run  from  its  under  surface  to  the  apical 
region  of  the  heart  are  very  variable.  At  its  termination  on  the  antero-Iateral  wall  it  is 
always  connected  by  trabeculse  to  the  anterior  papillary  muscle  (see  below). 

The  two  parts  of  the  cavity  of  the  right  ventricle  are  readily  distinguished,  especially  in  the 
systolic  heart  when  the  opening  between  them,  bounded  above  by  the  crista  supraventricularis, 
below  by  the  moderator  band,  and  at  the  sides  by  the  extension  of  these  parts  on  the  septum 
and  the  anterior  wall,  is  often  a  small  circular  foramen;  and  it  may  be  noted  here  that  in  the 
early  stages  of  dilatation  of  the  right  ventricle  it  is  the  posterior  "  inflowing  "  chamber  alone 
which  is  affected. 

The  tricuspid  valve  guarding  the  right  atrio-ventricular  opening,  is  com- 
posed of  three  cusps  ;  yet,  though  this  description  has  been  applied  to  it  from 
ancient  times,  almost  always  smaller  or  larger  accessory  cusps  are  to  be  found  at 
one  or  all  of  the  angles  between  the  principal  cusps.  Of  the  three  cusps  (fig.  46) 
one,  which  is  usually  the  largest,  is  situated  at  the  anterior  and  left  part  of  the 
opening  and  projects  downwards  between  it  and  the  infundibulum  (conus 
arteriosus)  (fig.  35) ;  it  is,  therefore,  usually  named  the  infundibular  (or 
anterior)  cusp.  It  is  irregularly  quadrilateral  and  is  attached  above  to  the  anterior 
part  of  the  annulus  fibrosus  (fig.  46).  The  second  cusp,  named  the  right  (or 
posterior)  cusp,  lies  at  the  right  and  posterior  part  of  the  opening,  its  attachment 
to  the  annulus  fibrosus  extending  from  near  the  margo  acutus  to  the  septal  wall. 
The  third,  the  septal  (or  medial)  cusp,  lies  close  to  the  ventricular  septum ;  it 
is  the  smallest  cusp.  It  is  attached  above  not  only  to  the  annulus  fibrosus  but 
also  to  the  ventricular  septum,  its  most  anterior  part  reaching  the  pars 
membranacea.  The  atrio-ventricular  orifice  is  almost  circular  in  the  distended 
heart,  but  is  more  oval  in  the  empty  heart ;  its  circumference  measures,  on  an 
average,  122  mm.  in  the  male  and  115  mm.  in  the  female  (see  p.  122). 

The  names  applied  to  the  three  cusps  of  the  tricuspid  valve  have  varied  verj'  much  at  different 
times  and  vary  even  still  among  different  authors;  but  the  only  other  terms  which  require  to 
be  noted  here  are  marginal  and  inferior  (Poirier)  which  have  been  applied  to  the  right  or 
posterior  cusp,  the  latter  name  being  specially  applicable  if  the  heart  be  considered  to  lie  in  its 
normat  position  in  the  chest.     The  most  common  variation  of  the  cusps  is  the  division  of  the  right 
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rti»p  or  ihc  prcM-ncc  of  an  ncrrsM»r)'  cusp  ln-lwi-tii  it  and  the  M-ptal  cusp,  ll>c  tricuspid  valve  very 
frequently  |K^vsc^.sinfJ  four  cusps  (Morison).  On  the  other  hand,  the  division  Ix-tween  the  right 
nnd  infundibular  cusps  is  often  indistinct.  Variations  of  tlic  tricuspid  sepmcnts  arc  not  confined 
to  the  human  subject,  licinfj  equally  frequent  amonf;  most  mammalia  (Beddard,  WKtORRSiiKlM). 
The  attachment  of  the  septal  cusp  is  frequently  as  much  as  -5  cm.  below  the  plane  of  the  atrio- 
ventricular orifice. 

Tlu-  papillary  muscles  of  the  right  ventricle  show  inany  variations.  The 
most  constant  and  the  largest  is  thr  anterior  papillary  mu.scle  which  springs 
OS  a  single  mass  from  the  antero-laleral  wall  about  midway  on  its  length.  It 
ari.sos,  nearly  always,  also  from  the  moderator  band  and  the  trabecule  associated 
with  it,  and  in  some  instances  this  origin  is  largely  developed  and  the  direct 
attachment  to  the  ventricular  wall  is  small  or  even  completely  absent.  At  its 
sunmiit  it  gives  origin,  sometimes  directly,  sometimes  after  division  into  secondary 
muscle  columns,  to  ten  or  twelve  chordae  tendineae  which  lie  in  the  cleft  between 
the  infundibular  and  posterior  rusps  and  arc  attached  to  both,  but  in  the  main 
to  the  former  cusp.  The  posterior  papillary  muscle  is  more  irregular  in  size 
and  position  and  is  often  represented  by  two  or  three  smaller  masses,  arising, 
tnost  commonly,  in  the  angle  between  the  posterior  and  septal  walls ;  and  the 
chorda:  tendineas  proceeding  therefrom  are  attached  to  the  posterior  cusp  and 
the  posterior  part  of  the  septal  cusp.  A  third  set  of  small  accessory  muscles 
and  short  chordae  tendincac  which  arise  directly  from  the  ventricular  wall  is 
constantly  to  be  found  in  the  right  ventricle  ;  they  are  attached  chiefly  to  the  septal 
wall  and  are  inserted  into  diflerent  parts  of  the  cusps.  One  of  the  muscles  (medial 
papillar)'  muscle,  Lancisius  ;  the  papillarj-  muscle  of  the  conus,  Luschka)  is 
easily  recognised  in  the  majority  of  hearts  ;  usually  6  to  8  mm.  long,  it  is  attached 
on  the  medial  wall  of  the  conus  close  to  the  lower  end  of  the  crista  supra ventricularis 
and  its  chordic  tendinea;  are  inserted  into  the  adjacent  borders  of  the  septal  and 
infundibular  cusps.  If  the  muscle  be  absent  the  chordae  tendineie  spring  from 
a  small  superficial  tendinous  area  (macula  tendinea  septi,  Holl).  The  infun- 
dibular and  posterior  cusps  have  relatively  large  numbers  of  chordae  tendinese 
of  the  third  order  (p.  10)  attached  to  them  (fig.  31). 

The  pulmonary  orifice  is  situated  immediately  in  front  of  the  orifice  of  the 
aorta  and  in  front  of  and  a  little  medial  to  (that  is  to  the  left  of)  the  tricuspid 
orifice  and  also  at  a  slightly  higher  level  (fig.  46).  It  is  circular  in  outline  and, 
on  an  average,  measures  72  mm.  in  circumference  in  the  male  and  68  mm.  in 
the  female  (see  p.  123).  The  three  cusps  of  the  valve  which  guard  the  opening 
are  arranged  two  in  front,  right  and  left  anterior,  and  one  behind  (p.  48). 

Left  Ventricle.  The  left  ventricle  is  of  a  conical  form,  the  smaller  end 
forming  the  ai>ex  of  the  heart,  while  on  the  base  there  are  the  venous  (atrio- 
ventricular) and  arterial  (aortic)  openings.  It  is  longer  and  narrower  than  the 
right  ventricle.  It  can,  like  the  right  ventricle,  be  divided  into  "  inflowing  "  and 
"outflowing"  parts,  though  the  separation  is  effected  in  a  different  manner. 
A  more  significant  division  is  that  into  supra-papillary  and  inter-papillary 
parts,  the  free  ends  of  the  papillary  muscles  marking  the  boundary  between  the 
two  (Hesse  and  Albrecht).  In  systole  of  the  heart  the  inter-papillary  cavity 
is  obliterated  but  the  supra-papillary  space  remains  patent  even  in  the  strongest 
contractions  (p.  f>r>). 

The  left  ventricle  ha;,  lateral  ami  medial  walls,  both  of  them  concave  towards 
the  cavity.  They  arc  two  or  three  times  thicker  than  the  walls  of  the  right  ventricle, 
and  since  the  curvature  of  the  heart  is  there  sharpest  they  are  thinnest  at  the  apex 
of  the  heart.  The  lateral  wall  is  sometimes  divided  into  ventral  and  dorsal 
parts,  hut  there  is  no  distinct  boundary^  between  the  two,  the  whole  wall^orrc- 
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sponding  to  the  stcrno-costal,  left  (margo  oljliisus),  aiul  (liaphraginatic  .surfaces 
of  the  exterior.  It  is  beset  in  the  whole  of  its  extent  with  a  thick  network  of 
trabeculse.  These  are  smaller  than  in  the  right  ventricle,  but  are  more  numerous 
and  more  closely  reticulated,  and  at  the  apex  of  the  heart  the  reticulation  is  so 
great  in  amount  that  this  region  appears  like  a  cavernous  tissue;  towards  the 
base  of  the  heart  the  trabeculai  become  larger.  Bands  similar  in  appearance 
to  the  moderator  band  of  the  right  ventricle  are  not  uncommonly  found  crossing 
the  lower  part  of  the  cavity,  sometimes  between  the  bases  of  the  papillary  muscles 
and  sometimes  from  the  septum  to  the  anterior  papillary  muscle;  the  latter 
contain  fibres  of  the  atrio-ventricular  bundle.  The  medial  wall  is  formed  by 
the  ventricular  septum ;  it  is  triangular  in  shape,  the  apex  being  at  the  apex 
of  the  heart,  while  the  base  i?  fused  with  the  atrial  septum.  It  is  beset  with 
trabeculse  only  in  its  lower  third,  the  upper  two-thirds  being  perfectly  smooth. 
The  fore  part  of  the  smooth  area  is  limited  above  by  an  arched  ridge,  concave 
upwards,  which  runs  from  behind  forwards  to  the  arterial  orifice;  it  is  named 
the  limbus  marginalis  (His).  Immediately  above  it  and  forming  the  highest 
part  of  the  septal  wall  there  is  a  small  area  in  which  muscle  fibres  are 
absent  and  the  septum  consists  only  of  a  little  fibrous  tissue  between  two 
layers  of  endocardium ;  this  area  is  known  as  the  pars  membranacea 
septi. 

In  general  the  trabecular  network  of  the  left  ventricle  has  rounded  meshes,  in  contrast  with 
the  elongated  meshes  of  the  right  ventricle.  Close  to  the  apex  of  the  heart  there  are  often  to 
be  seen  trabeculse  which  consist,  not  of  muscle  substance,  but  entirely  of  tendinous  fibres,  the 
so-called  trabecular  tendineae  (see  "  False  Tendons,"  p.  47).  On  the  dorsal  part  of  the  lateral 
wall  the  trabeculse  reach  to  the  attached  margins  of  the  mitral  cusps,  but  on  the  ventral  part  they 
end  nearly  an  inch  (1-5  to  2  cms.)  below  the  base  of  the  heart.  In  the  fresh  heart  there  can  be 
seen  on  the  upper  smooth  part  of  the  medial  wall  a  network  of  fine  fibres  which  lie  just  below  the 
endocardium;  in  part,  at  least,  this  formation  belongs  to  the  left  limb  of  the  atrio-ventricular 
bundle  (p,  8.3). 

The  pars  membranacea  septi  appears  to  have  been  noted  first  in  1831  by  Schliem.vnn, 
who  described  it,  however,  as  a  pathological  formation.  In  1838  Thurnam  recognised  that  it 
was  a  normal  part  of  the  septal  wall  and  described  it  as  follows:  "  The  highest  part  of  the 
septum,  which  occupies  the  angle  between  the  posterior  and  right  aortic  valves  ""  (the  right  and 
anterior  valves  of  this  work),  "  is  in  the  human  subject  formed  not  of  muscular  fibres,  but  simply 
of  the  endocardium  of  the  right  and  left  ventricles  and  strengthened  only  by  the  interposition 
of  a  little  fibrous  tissue  continuous  with  that  of  the  aorta."  The  name  pars  memliranacea  was 
given  to  it  by  Reinh.\rd  in  1857.  'Its  thickness  is  as  a  rule  about  1  mm.,  but  it  may  be  thinner ; 
it  is,  therefore,  transparent  and  is  easily  recognised  immediately  below  the  aortic  orifice  if  the 
septum  be  held  to  the  light.  It  varies  considerably,  however,  in  its  size  and  form.  If  it  be 
examined  from  the  left  side  (fig.  37)  it  is  seen  to  lie  immediately  below  the  adjacent  parts  of  the 
anterior  and  right  cusps  of  the  aortic  valve,  and  to  extend  backwards  beyond  the  middle  line 
of  the  right  cusp  almost  to  the  posterior  end  of  the  attachment  of  the  mitral  valve.  Its  lower 
convex  border,  along  which  the  septal  musculature  abruptly  ceases,  is  the  most  distinct,  and 
the  ventral  boundary  is  only  a  little  less  definite ;  the  upper  and  dorsal  part,  however,  is  continued 
upwards  into  the  tissue  of  the  "  aortic  root  "  in  the  right  spatium  intervalvularia  (p.  49)  and 
is,  therefore,  not  defined.  If  this  upward  process  be  large  the  septum  membranaceum  has  a 
triangular  shape,  but  if  it  be  small  the  septum  is  of  an  oval  form.  To  examine  the  septum 
from  the  right  side  (fig.  30)  the  septal  cusp  of  the  tricuspid  valve  must  be  removed  so  that  only 
its  attached  margin  remains.  It  will  then  be  seen  that  the  line  of  attachment  of  this  cusp  crosses 
the  septum  and  divides  it  into  two  parts.  The  lower  of  these,  situated  at  the  posterior  end  of 
the  crista  supraventricularis,  intervenes  between  the  two  ventricles;  it  is  formed  behind  the 
lower  end  of  the  bulbar  septum  at  the  fusion  of  the  ventricular  septum  with  the  anterior  endo- 
cardial cushion  (fig.  28).  The  upper  part  separates  the  right  atrium  from  the  left  ventricle, 
as  was  first  noted  by  LuscHKA  and  Henle;  it  has  been  named  the  septum  atrio-ventriculare 
(Hochsetter).  In  the  right  atrium  it  lies  in  front  of  the  limbus  fossae  ovalis  and  just  above  the 
base  of  the  septal  cusp,  and  in  the  fresh  heart  it  is  usually  bulged  a  little  and  is  lighter  in  colour 
than  the  surrounding  parts,  the  atrial  musculature  being  absent  from  its  surface.  If  a  needle 
be  passed  through  it  here  it  passes  into  the  left  ventricle  between  the  right  and  anterior  aortic 
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cu»t>».     This  jx>rtion  is  derived  from  that  part  of  tJic  fused  endocardial    cushions   which    lie 
between  the  attachments  of  the  atrial  and  ventricular  septa  (fig.  40  and  p.  60). 

"Yhc  \  '  -fs  of  filirous  tissue  (with  clastic  fibres,  Skipp)  covered  on  both 

sides  wi:  d   muscle  fibres  are  said   to  l>e  found   in  it  not   infrequently 

(W.  GRi^BER),  but  their  presence  has  not  Ijcen  generally  rccogni.scd.     Interventricular  foramina 
in  the  position  of  the  septum  are  common  congenital  lesions  (p.  128).     In  the  ox.  as  in  mo.st 


Pulmonary  art. 


Suf>.  ?r«a  fot'a. 


Septal  cusp  of  tricuspid 
valve. 


Fig.  36.— Diacr.\m  to  show  the  position  and  relations  of  the  pars  membr.\n.\cea 

SEPTI    (in  solid  black)    FROM   THE   RIGHT  SIDE. 


Pulmonary  art.  '""ilw^. 
Ant.  cusp  of  aortic  valve.  — 


atrium. 


.lortic  cusp  oj  mitral 
valve. 


Fio.  87.— Diagram  to  show  the  position  and  relations  of  the  pars  mkmbranacea 

SEPTI  (in  solid  BI^CK)  from   the   left   SIDE. 


mammals,  the  membranous  septum  is  covcnd  on  thr  left  side  by  tlu-  n)usrulature  of  the  ventricular 
septum  which  reaches  up  to  the  aortic  root  (musculus  subaorticus,  Jarish);  remnants  of  this 
suliaortic  muscle  arc  occasionally  to  be  seen  in  man. 

The  mitral  orifice,  on  an  average,  is  103  mm.  in  circumference  in  the  male  and 
100  mm.  in  the  female  (see  p.  122).  It  is  guarded  by  the  mitral  valve.  The 
valve   is   fonned   by   two   cusps,    named   thr    anterior   and    posterior   cusps 
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(right  and  left  cusps  by  French  writers) ;  but  on  account  of  its  relations 
to  the  aortic  opening  the  anterior  cusp  is  often  named  the  aortic  cusp  (fig.  40). 
The  anterior  cusp,  a  triangular  plate  15  to  18  mm.  long  at  its  middle  part,  is  longer 
and  narrower  than  the  posterior  cusp  ;  it  projects  into  the  ventricle  between  the 
atrio- ventricular  and  aortic  orifices.  It  is  attached  above  to  the  anterior  and 
medial  parts  of  the  annulus  fibrosus,  but  from  the  surface  it  is  difficult  to  define 
the  position  of  its  base ;  for  its  atrial  surface  lies  on  the  same  plane  as  the  atrial 
wall  and,  moreover,  the  atrial  musculature  is  continued  into  its  substance 
(p.  45),  while  the  ventricular  surface  is  limited  only  by  the  attachments  of  the 
aortic  valves,  the  fibrous  tissue  of  the  cusp  being  continuous  with  that  of  the 
aortic  root.  The  posterior  cusp,  square  shaped  and  10  to  12  mm.  broad,  springs 
from  the  posterior  and  lateral  parts  of  the  annulus  fibrosus  ;  its  base  can  be  more 
easily  defined  than  that  of  the  anterior  cusp.  The  two  cusps  are  separated  by 
clefts  which  reach  to  the  annulus.  Accessory  cusps  are  not  commonly  found, 
though  the  posterior  cusp  has  been  seen  divided  into  two  parts  (Turner,  /our. 
A?iai.,  vol.  xxxii.). 

The  papillary  muscles  of  the  left  ventricle  are  typically  two  in  number; 
and  are  larger  than  those  of  the  right  ventricle.  They  lie  opposite  the  intervals 
between  the  mitral  cusps  and  are  attached  by  their  bases  directly  to  the  ventricular 
wall  at  about  the  junction  of  the  apical  and  middle  thirds  ;  they  seldom  have 
any  extensive  trabecular  connections.  The  lateral  muscle  springs  from  the 
concavity  of  the  antero-lateral  wall  and  the  medial  muscle  from  the  angle  between 
the  posterior  wall  and  the  septum.  There  are  great  variations  in  the  form  and 
,  the  manner  of  subdivision  of  both  muscles  ;  and  absence  of  one  or  other  of  them 
/  has  been  recorded.  Most  commonly  each  muscle  divides  into  two  parts,  anterior 
and  posterior  in  position,  though  sometimes  the  division  is  only  indicated  by 
grooves  and  sometimes  is  complete  to  the  bases  ;  when  the  division  is  complete 
the  opposed  surfaces  are  reciprocal  in  form,  a  convex  surface  of  the  one  (usually 
the  anterior)  fitting  a  concave  surface  of  the  other.  The  chordae  tendineae 
are  fewer  in  number  and  stronger  than  those  of  the  right  ventricle.  They  arise 
from  the  apices  of  the  papillary  muscles,  and  not  infrequently  also  from  their 
sides,  and  run  upwards  in  the  intervals  between  the  cusps  to  be  attached  to  the 
adjacent  margins  of  both  of  them.  Those  of  the  second  order  do  not  reach  so 
far  upwards  on  the  aortic  cusp  as  on  the  posterior  cusp,  so  that  the  greater  part 
of  the  ventricular  surface  of  the  aortic  cusp  is  much  smoother  than  the  same 
surface  of  the  other  cusps ;  naturally,  also,  chordae  tendineae  of  the  third  order 
are  not  found  on  it. 

The  "  outflowing  "  part  of  the  left  ventricle  is  bounded  laterally  by  the  aortic 
cusp  of  the  mitral  valve  and  by  the  two  papillary  muscles  and  medially  by  the 
smooth  septum.  It  is  much  shorter  and  is  less  arched  than  the  corresponding 
part  of  the  right  ventricle.  The  walls  of  that  part  of  it  which  adjoins  the  root 
of  the  aorta  (aortic  vestibule,  Sibson)  are  fibrous,  or  at  one  part  even  fibro- 
cartilaginous (p.  68),  so  that  during  systole  of  the  heart  its  cavity  remains 
unobliterated. 

The  aortic  orifice  is  on  the  same  plane  as  the  mitral  orifice,  and  lies  in  front  of 
it  and  on  its  medial  side:  it  is,  on  an  average,  75  mm.  in  circumference  in  the 
male  and  68  mm.  in  the  female  (see  p.  123). 

The  Development  of  the  Ventricles.— The  developmental  history  of  the 
ventricles  and  of  the  atrio-ventricular  and  arterial  valves  is  considerably 
complicated,  for  separate  processes  occur  at  the  same  time  in  the  different  parts 
of  the  common  bulbo-ventricular  chamber  and  effect  the  subdivision  of  these 
parts  independently  of  one  another  into  right  and  left  cavities;    and  only  at 
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a  lalcr  ixriotl  du  the  diffcrint  .stpta  which  arc  formtd  fuse  with  one  another  to 
form  a  complete  bull)o-ventri(uh»r  septum.  Some  referenoe  must  also  be  made 
here  to  the  changes  in  the  heart  wall. 

There  is  at  first,  as  has  l>e<n  stated  (p.  11;,  a  (onsiderabk-  distance  between 
ihr  endothelial  tube  and  the  niyo  epicardial  mantle  alonj;  the  whole  length  of 
the  primitive  heart,  and  (hc  upyinj,'  the  interval  there  is  during  life  a  serous  fluid 
which  in  prepared  sections  appears  as  a  fibrillated,  cell-free,  coagulated  mass; 
Mall  has  stated,  however,  that  the  fibrilla:  arc  processes  of  the  endothelial  cells. 
At  n  later  period  nuclei  are  io  be  seen  in  the  coagulum  close  to  the  endothelium. 
The  space  between  the  endothelium  and  the  myo-epicardium  disappears  first 
in  the  sinus,  then  in  the  atrium,  and  lastly  in  the  ventricle,  and  the  two  layers 
come  into  close  contact  in  these  parts  ;  in  the  atrial  canal  and  the  bulbus  cordis, 
however,  endocardial  swellings,  ver\'  comparable  in  appearance  to  WTiarton's 
jelly,  are  developed  and  fill  the  earlier  cell-free  space.  In  the  myo-epicardium 
the  epicardium  is  differentiated  at  an  early  period  as  a  covering  layer,  one  cell 
thick,  on  the  surface.  The  myDCardium  itself  differentiates  first  in  the  ventricle 
where  trabecular  ridges  appear  on  the  inner  surface  and,  covered  on  all  sides 
by  the  endocardium,  run  more  or  less  freely  through  the  cavity;  the  trabeculae 
appear  first  at  the  apical  part  of  the  ventricle  and  advance  towards  the  atrial 
canal  and  the  bulbus  cordis.  The  ventricular  muscle  now  consists  of  two  layers, 
a  thin  outer  cortical  layer  and  a  thick  inner  trabecular  layer.  In  the  cells  of 
the  trabecular  part  longitudinal  fibrilla-  make  their  appearance,  first  near  the 
.surface  of  the  cell  and  later  in  its  central  parts;  and  .soon  they  can  be  seen  to 
extend  from  one  cell  to  another  and  can  ultimately  be  followed  in  a  longitudinal 
direction  over  .several  cells.  The  cardiac  myoblasts  thus  early  form  a  syncitium. 
the  junction  between  the  cells  taking  place  at  their  ends  ;  the  side  boundaries  of 
the  cells  always  remain  distinct.  This  differentiation  occurs  much  later  in  the 
cortical  layer.  On  the  i^ulbus  the  myocardium  reaches  up  to  the  attachment 
of  the  pericardium,  that  is  to  the  place  of  transition  from  the  bulbus  to  the  truncus 
arteriosus;  at  a  later  period  this  boundary  cannot  be  accurately  defined,  for  the 
myocardium  on  the  distal  part  of  the  bulbus  disappears  even  before  it  is 
<liffcrentiatcd  into  recognisable  muscle  tissue.  This  retrogression  of  the  bulbar 
niyo<ardium  is  a  significant  feature  of  all  vertebrate  hearts  ;  it  is  probably  to  be 
related  to  the  replacement  of  a  mu.scular  sphincteric  control  of  the  exit  tube  from 
the  heart  by  a  purely  mechanical  valvular  control. 

7'/ie  Atrial  Canal  and  the  .1  trio- Ventricular  I'alves. — The  atrial  canal, 
as  has  been  described  (p.  l'.<),  becomes  oval  in  shape,  its  long  axis  being  placed 
transversely,  and  it  occupies  a  position  in  the  centre  of  the  floor  of  the  atrium, 
.so  that  the  lower  border  of  the  septum  primum  reaches  it  at  its  middle  and  divides 
it,  from  alx)ve,  into  equal  parts;  and  at  this  time  it  becomes  surrounded  on  all 
sides  by  the  expanding  atria  and  ventricles,  so  that  in  longitudinal  section  of  the 
heart  it  appears  telescoped  within  the  cavity  of  the  ventricle  (fig.  13).  Its  lumen 
is  narrowed  and  Ix'comes  slit-like  by  the  development  of  the  subendocardial  tissue 
in  its  wall  (see  al)ove).  This  tissue  forms  marked  swellings  on  its  anterior 
(upper)  and  posterior  (lower)  walls  (fig.  28) :  these  swellings  are  usually  known 
as  the  anterior  and  posterior  endocardial  cushions.  .\t  the  ends  of  the  canal 
the  swellings  are  much  smaller  (fig.  .'JM).  The  trabecular  formations  of  the 
ventricle,  advancing  towards  the  atrial  canal,  now  undermine  the  endocardial 
cushions  and  these  project,  therefore,  with  tree.  j)lunip.  rounded  odgcs  Into  the 
ventricular  cavity  and  con.stitute  the  rudiments  of  the  atrio-ventricular  valves. 
The  undermining  process  continues  to  the  upper  ends  of  the  cushions  which, 
in  the  end.  are  attarhed  only  by  their  bases.    The  primary  cusps  are  thus  purely 
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Muscle  layer. 


endocardial  structures  ;  and  attached  to  their  ventricular  surface  are  the  ven- 
tricular trabeculae  which  have  undermined  them.  The  anterior  and  posterior 
endocardial  cushions  now  fuse  along  a  considerable  part  of  their  transverse 
length  so  that  the  two  atrio-ventricular  openings,  which  are  thus  defined,  represent 
the  end  parts  of  the  original  slit-like  lumen  and  are  separated  from  one  another 
by  the  width  of  the  fused  zone.  Up  till  this  period  the  atrial  and  ventricular 
musculatures  are  continuous  with  one  another 
through  the  musculature  of  the  atrial  canal,  })ut 
this  continuity  is  now  interrupted  by  the  in- 
growth of  a  wedge-shaped  zone  of  fibrous  tissue 
in  the  atrio-ventricular  furrow.  The  apex  of 
this  wedge  grows  more  and  more  towards  the 
heart  lumen  and  completely  separates  the  cortical 
ventricular  muscle  from  the  atrial  muscle  ;  the 
process  is,  of  course,  a  retrogression  of  the 
musculature  of  the  atrial  canal,  and  it 
occurs  round  its  whole  circumference  except 
over  a  small  region  on  the  back  of  the 
canal  where  the  muscle  persists  as  the  atrio- 
ventricular bundle  of  His  (see  further,  p.  96). 
There  is  now  a  cortical  sino-atrial  muscu- 
lature   and    a    cortical    ventricular    musculature 

which  are  unconnected  except  by  the  bundle  of  His,  but  the  trabecular 
musculature  is  still  free  of  this  division,  and  at  the  insertions  of  the 
atrio-ventricular  valves  the  atrial  .part  is  continuous  with  the  ventricular 
part.  The  atrial  trabecular  muscle  fibres  are  now  to  be  found  growing  into 
the  atrio-ventricular  cusps  ;  how  far  this  is  an  active  invasion  and  how  far 
simply  the  result  of  the  further  undermining  of  the  wall  of  the  atrial  canal  by 


Fig.    38.  —  A     diagram    of    a 

TRANSVERSE  SECTION  THROUGH 
THE  ATRIAL  CANAL. 

P. A.,  posterior  and  anterior 
endocardial  cushions ;  the  dotted 
lines  indicate  the  line  of  fusion 
of  the  septum  primum. 


Fig.  39.— Diagrams  to  illustrate  the  development  ok  the  atrio- 
ventricular VALVES  and  chords  TENDINE/E, 


the  ventricular  trabeculas  is  not  yet  decided,  but  in  the  cusps  the  atrial  fibres 
retain  their  connection  with  the  ventricular  trabecular.  The  cusps  may  be 
described,  therefore,  to  have  reached  a  secondary  condition  for  they  now  consist 
of  muscle  tissue  in  addition  to  the  original  endocardial  tissue.  The  retrogression 
of  the  musculature  of  the  atrial  canal  continues  and  the  musculature  of  the  cusps 
is  replaced  by  fibrous  tissue  which  is  continuous  with  the  apex  of  the  wedge- 
shaped  ring  which  previously  had  interrupted  the  cortical  musculatures;  the 
sino-atrial  trabecular  muscle  is  thus  completely  separated  from  the  ventricular 
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traltctulic.  Similar  changes  CHrur  in  the  distal  part.s  of  the  ventricular  trabccuUc 
to  p rcKl IK e  the  chorda:  lendincic.  The  valvular  apparatus  is  virtually  completed 
at  the  eij^hth  week. 

The  atrio-ventricular  valves  are  thus  formed  partly  from  the  endocardial 
cushions  and  partly  from  the  undermined  muscular  wall  of  the  atrial  canal  ; 
the  boundary  between  the  two  parts,  however,  cannot  be  accurately  indicated, 
though  the  noduli  of  Albini  (p.  44)  probably  represent  localised  persistences 
of  the  original  succulent  endocardial  tissue.  The  lower  edges  of  the  cusps 
represent  the  distal  boundary  of  the  atrial  canal  and  as  such  they  may  be  taken 
to  define  the  morphological  boundary  between  the  atria  and  the  ventricles  in 
the  adult.  The  retrogression  of  the  musculature  of  the  atrial  canal  represents  the 
disappearance  of  the  original  muscular  sphincter  guarding  the  orifice  between 
the  atria  and  the  ventricles,  its  place  being  taken  by  mechanically  acting  fibrous 

valves. 

Ventricular  S-'ptum . — The  formation  of  the 
ventricular  .septum  begins  after  the 
atrial  septa  are  well  defined.  It 
appears  first  as  a  ridge  (septum 
inferius,  His)  in  the  apical  part  of 
the  common  ventricle,  and  corre- 
sponds in  position  with  the  furrow 
which  is  seen  there  on  the  outer 
.surface  (fig.  14).  The  ridge  gradually 
grows  upwards  towards  the  atrio- 
ventricular and  bulbar  orifices  form- 
ing a  more  and  more  complete 
septum,  and  the  right  and  left 
ventricles  are  more  and  more  com- 
pletely separated  from  one  another ; 
for  a  considerable  period,  however, 
the  two  chambers  are  connected 
with  one  another  over  the  uj^per  free 
ed^e  of  the  septum  by  the  inter- 
ventricular foramen,  but  this  is 
gradually  narrowed  and  at  last  disappears,  the  closure  being  effected,  in 
man,  by  a  membranous  structure  which  forms  the  pars  membranacea  septi 
of  the  complete  septum  (p.  55).  •  The  cavity  of  the  left  ventricle  is  at  first  of  greater 
size  than  that  of  the  right,  and  remains  so  even  in  a  foetus  of  175  mm.  C/R  length  ; 
by  the  more  rapid  expansion  of  the  right  ventricle,  following  the  inclusion  in 
it  of  the  proximal  part  of  the  bulbus,  the  two  cavities  later  become  of  equal  size. 
The  process  of  the  closure  of  the  inter\'entricular  foramen  requires  a  more 
extended  description,  especially  in  man.  The  u])pcr  end  of  the  posterior  (or 
lower)  edge  of  the  ventricular  septum  advances  along  the  posterior  wall  of  the 
ventricle  towards  the  atrial  canal  and  ultimately  reaches  the  posterior  endo- 
cardial cushion  with  which  it  fuses  near  its  right  end  (fig.  28) ;  that  is,  the  upper 
edge  of  the  septum  is  not  placed  below  the  middle  of  the  atrial  canal  and 
opposite  the  lower  edge  of  the  septum  primum  of  the  atrium,  but  is  placed  at  the 
right  end  of  the  fused  parts  of  the  anterior  and  posterior  endocardial  cushions. 
The  anterior  (or  upper)  edge  of  the  ventricular  septum,  ascending  on  the  anterior 
wall,  passes  into  and  becomes  continuous  with  the  anterior  end  of  the  remnant 
of  the  fold  of  the  bulbo-atrial  groove,  but  does  not  pass  into  the  bulbus.  In 
the  bulbus  there  is  formed,  as  is  de.scribed  below,  a  septum,  named  the  proximal 
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l-in.  40.— A  DIAGRA.M  TO  ILLUSTRATE  THE  FOR- 
MATION OF  THE  PARS  MEMBRANACEA  SEPTI. 

A.S.,  atrial  scj  turn ;  V'.S.,  ventricular  sep- 
tum ;  T.  right,  M..  left  atrioventricular  opening  ; 
X.,  sc[tum  atrio-ventriculare. 
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bulbar  septum,  which  divides  the  cavity  of  the  bulhus  into  two  parts.  The 
lower  free  concave  edge  of  this  septum  grows  downwards  towards  the  ventricle  ; 
its  anterior  prolongation  fuses  with  the  anterior  prolongation  of  the  ventricular 
septum,  while  its  posterior  prolongation  broadens  at  its  lower  end  and  fuses  with 
the  right  part  of  the  anterior  endocardial  cushion  of  the  atrial  canal.  The 
interventricular  foramen  at  this  stage  has,  therefore,  the  following  boundaries; 
below  and  in  front  there  is  the  concave  upper  edge  of  the  ventricular  septum  ; 
this  is  continued  forwards  and  upwards  into  the  lower  edge  of  the  proximal 
bulbar  septum  which  forms  the  upper  boundary  of  the  front  part  of  the  foramen  ; 
the  upper  boundary  of  the  back  part  of  the  foramen  is  formed  by  the  fused 
endocardial  cushions  of  the  atrial  canal.  The  endocardial  cushions  of  the  atrial 
canal,  already  fused  with  one  another,  now  fuse  near  their  right  ends  with  the 
back  part  of  the  ventricular  septum  and  thus  close  the  back  part  of  the  inter- 
ventricular foramen,  while,  at  a  later  period,  the  anterior  endocardial  cushion 
fuses  with  the  front  part  of  the  septum  and  closes  the  front  part  of  the  foramen  ; 
and  there  is  thus  formed  the  pars  membranacea  septi,  the  bulbar  septum  taking 
no  part  in  its  formation.  The  closure  of  the  foramen  thus  takes  place  under 
the  right  part  of  the  common  atrio- ventricular  orifice:  the  right  orifice  is, 
therefore,  close  to  the  septum,  while  the  left  orifice  is  some  distance  (the  width  of 
the  fused  parts  of  the  anterior  and  posterior  endocardial  cushions)  from  it.  (For 
further  details  of  this  process,  see  Frazer.)  Now,  since  the  atrial  septum  reaches 
the  middle  of  the  upper  side  of  the  fused  cushions  and  the  ventricular  septum 
reaches  the  right  end  of  the  under  side,  a  part  of  the  fused  cushions  (x,  fig.  40) 
intervenes  between  the  right  atrium  above  and  the  left  ventricle  below  ;  this 
part  gradually  turns  into  the  same  plane  as  the  atrial  and  ventricular  septa  and 
is  known  as  the  atrio-ventricular  septum  (Hochsetter)  or  the  upper  part  of 
the  pars  membranacea  septi  (see  p.  55). 

The  Development  of  the  Bulbar  Septa  and  of  the  Arterial  Valves. — There 
are  three  independent  septa  formed  in  the  common  exit  tube  of  the  heart : 
(1)  One,  the  aortico-pulmonary  septum,  in  the  truncus  arteriosus  (the  extra- 
pericardial  part  of  the  exit  tube) ;  this  begins  distally  and  grows  towards  the 
heart  and  separates  the  systemic  aorta  from  the  pulmonary  artery.  (2)  and  (3) 
Septa  which  develop  in  the  distal  and  proximal  parts  of  the  bulbus  and  are 
known  as  the  distal  and  proximal  bulbar  septa.  These  three  septa  are 
formed  at  the  same  time  as  the  septa  of  the  atrium,  with  the  division  of  which 
the  division  of  the  exit  tube  is  associated  in  phylogeny. 

The  bulbus  cordis,  as  already  described  (p.  19),  is  absorbed  partly  into  the 
truncus,  of  which  it  forms  the  intra-pericardial  part,  and  partly  into  the  ventricles, 
chiefly  the  right  ventricle  (fig.  15) ;  and  it  may  be  here  noted,  that  imperfect 
absorption  of  the  lower  part  of  the  bulbus  is  the  commonest  abnormality 
of  the  heart  (p.  126).  The  boundary  between  the  two  parts  of  the  bulbus  lies 
along  the  attached  edges  of  the  arterial  valves.  In  the  distal  (truncus)  part  of 
the  bulbus  the  subendocardial  tissue  forms  at  first  a  uniformly  thick  ring,  but 
later  four  endocardial  ridges  ^  project  into  the  lumen;  at  the  distal  end,  and 
commencing  on  the  right  side  and  passing  to  the  left  on  the  posterior  surface,  these 
ridges  are  numbered  (after  Boas)  1,2,3,  and  4  (fig.  41) .  In  a  distal  direction  these 
ridges  gradually  taper  away  into  the  truncus,  the  aortico-pulmonary  septum  of 
which  has  not  yet  reached  its  lower  end ;  in  a  proximal  direction  they  run  in  a 
spiral  course, 2  ridge  1  passing  posteriorly  and  to  the  left,  and  ridge  3  anteriorly 

1  The  endocardial  ridges,  typically  four  in  number  but  sometimes,  as  in  the  atrial  canal, 
reduced  to  two,  are  the  primitive  valvular  apparatus  of  the  heart. 

-  The  spiral  course  of  the  bulbar  ridges  is.  to  the  writer,  evidence  of  the  original  looping  of 
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nnd  to  the  ri^lu.  Ihesf  two  riclgcs  (1  and  3)  continue-  thiir  {growth  int<j  the 
liinu-n  of  tlu-  hulbuN  and,  fusing  with  one  another  across  the  lube,  form  the  distal 
hullMir  septum  which  is  transversely  placed  at  its  upper  end  and  in  an  oblique 
antcrojxjstcrior  plane  at  its  lower  end.  At  a  later  stage  the  advancing  lower 
concave  edge  of  the  aortico- pulmonary  septum  fuses  with  the  upper  edge  of  the 
distal  bulbar  septum  and  comjjletes  the  separation  of  the  intra-pericardial  parts 
of  the  aorta  and  pulmonary  artery,  but  for  some  time  these  vessels  communicate 
with  each  other  l)etween  the  edges  of  the  septa. 

In  the  proximal  (ventricular)  part  of  the  bulbus  the  endocardial  thickening 
is  irregular  and  two  ridges  project  into  the  lumen.  These  thickenings  {JVu/sle, 
.\  and  H  of  Horn)  run  spirally  round  the  tube,  ridge  a  commencing  on  the  left 
side  above  and   running  forward   to  the  front  of  the  lower  end  and  on  to  the 

anterior  wall  of  the  ventricle  (.see  above),  and  ridge  B  com- 
mencing on  the  right  side  above  and  ending  on  the  anterior 
endocardial  cushion  below.  These  ridges  are  undermined 
from  below  by  the  ventricular  trabecular  as  more  and  more 
of  this  part  of  the  bulbus  is  included  in  the  ventricles;  they 
become,  therefore,  shorter  and  shorter.  In  a  distal  direction 
(hey  continue  to  extend,  ridge  a  winding  on  to  the  back  of 
the  lumen  and  ridge  B  on  to  the  front,  and  they  meet  and 
ultimately  fuse  with  the  lower  end  of  ridges  I  and  3  of 
the  distal  bulbar  group,  ridge  .\  fusing  with  ridge  I  and 
ridge  B  with  ridge  3.  The  aorta  and  pulmonary  artery  are 
thus  completely  separated  from  one  another  and  owing  to 
the  spiral  course  of  the  septa  (fig.  41)  the  two  vessels  are 
spirally  twisted  on  one  another.  The  separation  of  the  walls 
of  the  two  vessels  is  accomplished  by  the  ingrowth  of  the 
connective  tissue  of  the  aortico-pulmonary  septum  into  the 
endocardial  ridges.  The  undermining  of  the  proximal  part 
of  the  bulbus  continues,  and  ultimately  it  becomes  included 
;is  the  conus  of  the  right  ventricle  and  aortic  vestibule 
of  the  left  ventricle;  while  at  first,  therefore,  the  aorta  and 
the  pulmonary  artery  arise  by  relatively  long  parts  from  the 
ventricles,  and  the  distance  between  insertion  of  the  semi- 
lunar cusps  and  the  ventricular  septum  is  relatively  great, 
in  the  newborn  these  parts  are  very  much  .shortened.  After  the  division  of  the 
distal  part  of  the  bulbus,  each  of  the  two  vessels  contains  one-half  of  ridges  1  and 
3.  and  the  pulmonary  artery  also  ridge  2  and  the  aorta  also  ridge  4 .  The  perij)heral 
ends  of  these  ridges  become  more  and  more  flattened  and  ultimately  disappear, 
but  the  proximal  ends  increase  in  size  and  become  hollowed  out  from  the  distal 
side  to  form  the  primitive  semilunar  valves.  These  are  at  first  thick  succulent 
endocardial  formations,  but  with  the  encroachment  of  the  fibrous  tissue  of  the 
truncus  and  the  disappearance  of  the  myocardium  they  undergo  fibro-tendinous 
changes  and  appear  as  in  the  newborn.  The  bulging  of  the  walls  of  the  vessels 
opix)^ite  each  cusp  takes  jjlace  .soon  after  the  cusps  are  defined  to  form  the  sinuses 
of  Val.salva.  The  cusps  opposite  the  septum  between  the  arteries  are  the  last  to 
develop,  that  is  the  cusps  from  ridges  2  and  4  ;  and,  as  already  indicated  (p.  48), 
they  may  be  double  or  deficient. 
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THE  FORM  OF  THE  SYSTOLIC  HEART 

The  descriptions  of  the  heart  given  so  far  are  of  the  diastolic  or  relaxed  heart. 
It  is  not  possible,  of  course,  to  record  all  the  changes  of  heart  form  which  occur 
during  the  cardiac  cycle,  yet  some  description  may  be  made  of  the  form  of  the 
systolic  or  fully  contracted  heart.  It  is  to  be  noted,  however,  since  the  heart  cannot 
be  fixed  with  certainty  in  its  systole,  that  the  descriptions  given  here  refer  to  hearts 
fixed  by  technical  methods  to  imitate  the  systolic  heart  as  nearly  as  possible.  The 
most  suitable  and  useful  methods  are  by  the  use  of  heat  (as  introduced  by  Hesse  in 
his  work  on  the  dog  and  subsequently  used  by  Krehl  and  Keith  on  the  human 
heart),  which  produces  a  uniform  shortening  of  the  muscle  fibres  ;  and  they  should 
be  used,  as  injections  of  boiling  water  or  of  hot  wax,  while  the  heart  is  in  situ  and 
without  disturbance  of  any  of  its  connections,  for  these  probably  play  a  large  part 
in  the  form  affected  by  the  contracted  atria.  It  is  supposed,  of  course,  in  the  use  of 
these  methods  that  all  parts  of  the  living  myocardium  contract  synchronously  and 
that  the  heat  contraction  will  bring  about  a  shortening  of  the  fibres  of  the  same 
amount  as  occurs  in  the  normal  contraction.  The  former  of  these  suppositions  is, 
of  course,  incorrect  and  the  latter  almost  surely  so,  yet  there  is  a  formal  similarity 
with  the  functional  condition  and  it  is,  therefore,  described  as  the  contracted 
heart ;  and  in  many  respects  the  conclusions  which  have  been  reached  have  been 
confirmed  by  studies  on  the  living  (animal)  heart. 

The  changes  in  the  external  form  of  the  heart  from  diastole  to  systole  have 
not  yet  been  adequately  studied.  The  descriptions  which  have  been  given 
are  largely  based  on  naked-eye  observations  ;  and  that  such  are  not  to  be  relied 
on  is  evident,  for  example,  in  the  old  controversy  as  to  whether  the  heart  is 
shorter  or  longer  during  systole.  Galen  believed  that  the  heart  was  longer 
in  systole,  a  view  which  was  also  taken  by  Vesalius,  Riolan,  Borelli,  and 
others  ;  but,  according  to  Harvey,  the  lengthening  is  only  a  relative  one,  for 
in  the  systolic  heart  all  the  dimensions  are  decreased,  but  the  length  least  of  all, 
and  in  this  description  Lower,  Stenson,  Lancisius,  Winslow,  Senac,  Haller, 
LuDWiG,  and  Winkler  have  agreed. 

Hesse,  working  on  hearts  contracted  by  heat,  describes  the  form  of  the 
ventricular  part  of  the  systolic  heart  to  be  conical  and  states  that  both  transverse 
measurements  of  the  base  (the  atria  and  the  aortse  being  removed)  are  decreased 
compared  with  the  measurements  of  the  diastolic  heart,  but  that  the  distance 
from  the  apex  of  the  heart  to  the  plane  of  the  atrio-ventricular  orifices  is  not 
shortened.  1  The  following  changes  on  the  surface  of  the  heart  have  been 
described  :  {a)  The  conus  arteriosus  becomes  shorter  and,  as  Krehl  points  out, 
this  shortening  certainly  gives  the  impression  that  the  whole  heart  is  shortened. 
{b)  The  anterior  longitudinal  sulcus  is  deepened  and  becomes  S-shaped  in 
curvature  by  the  lower  part  of  left  ventricle  advancing  itself  over  the  right 
ventricle  (Hesse,  in  the  dog).  If  this  observation  be  correct  then  the  rotation 
of  the  heart  in  systole  comprises  two  factors,  a  rotation  of  the  whole  heart  and  a 
distortion  of  the  heart  itself;  and  that  it  is  so  appears  to  be  confirmed,  for  Braun, 
from  the  examination  of  kinematograph  records  of  the  contracting  heart,  has 
described  the  appearance  of  a  protuberance  (a  "  heart-humping  ")  on  the  left 
ventricle  above  the  apex  which  remains  throughout  the  whole  of  systole.  It 
is  this  area  of  the  heart  which  rests  on  the  anterior  chest  wall  during  the 
"  apex  beat." 


1  The  ventricular  base  is  drawn  backwards  towards  the  atria  in  systole. 
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The  diminution  in  the  size  of  the  cavities  of  the  ventricles  in  systole  must 
l)c  brought  alxiut  by  a  rearrangement  of  the  muscle  volume  hounding  them, 
since  the  volume  itself  cannot  be  changed  in  contraction.  If,  therefore,  the 
long  measurement  of  the  heart  remains  the  same  throughout  the  whole  cardiac 
cycle,  then,  since  the  volume  remains  the  same,  the  area  of  a  transverse  section 
of  the  heart  musculature  will  be  the  same  in  systole  as  in  diastole,  as  indeed 
HtssK  has  proved  with  the  planimrtcr.     Now  since  in  the  systolic  phase  of  the 


Posterior 
sur/off . 


Rt.  ventricle. 


Fig.  42a. -Cross  section  of  thk  ventricles  in  the  di.astolic  heart, 


Poster  tor 
surface. 


Y\G.  42b.— Cross  section  of  the  ventrici.es  in  the  systolic  iikart. 

heart  "  the  muscle-ring  "  of  a  transverse  section  must  be  lessened  without  its 
area  lacing  diminished,  it  follows,  as  Krehl  and  Starke  have  shown  to  happen, 
that  the  inner  boundar)-  of  the  ring  must  become  smaller  to  a  greater  extent 
than  the  outer  boundary,  and  there  will  be  produced  an  approximation  of  the 
inner  layers  of  the  heart,  as  is  shown  in  the  formation  of  longitudinal  ridges. 
The  arrangement  of  the  heart  musculature,  however,  is  not  concentric,  but  is  of 
such  a  kind  that  the  side  walls  are  thickened  and  are  approximated  to  the  septum 
(seep.  74);  the  resulting  conditions,  therefore,  will  differ  in  the  right  and  left 
ventricles.  In  the  contracted  left  ventricle  the  meshes  between  the  trabcculae 
arc  obliterated  and  the  trabeculae  are  more  prominent.    The  two  papillar\'  muscles 
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come  into  contact  with  one  another  and  the  lateral  wall  of  the  ventricle  comes 
into  contact  with  the  papillary  muscles,  so  that  the  inter-papillary  space  and  the 
"  inflowing  "  part  of  the  ventricle,  with  the  exception  of  a  small  space  between 
the  posterior  cusp  of  the  mitral  valve  and  the  heart  wall,  are  obliterated.  At 
the  junction  of  the  anterior  wall  with  the  septum  a  prominent  longitudinal  ridge 
is  developed  which  fills  the  space  which  is  found  there  in  the  diastolic  heart; 
and  a  second  flatter  ridge  is  to  be  seen  on  the  septum  itself  reaching  up  to  the 
semilunar  valves,  for  the  right  and  anterior  of  which  it  serves  as  a  prop  (Krehl). 
(Similar  ridges  are  described  by  Hesse  in  the  dog  and  by  Albrecht  in  the 
sheep.)  The  uppermost  part  of  the  "  outflowing  "  part  of  the  ventricle  (aortic 
canal.  See),  bounded  by  the  aortic  cusp  of  the  mitral  valve  and  the  septum, 
is  constricted  by  these  longitudinal  ridges,  and  as  is  emphasised  by  Hesse  and 
Krehl  its  lumen  is  then  smaller  than  that  of  the  commencement  of  the  aorta. 
The  base  of  the  heart  being  smaller  in  all  its  dimensions,  as  already  described, 
the  atrio- ventricular  opening  is  narrowed  ;  this  happens  chiefly  in  the  transverse 
direction,  the  lateral  circumference  of  the  annulus  advancing  to  the  aortic  wall. 
In  the  right  ventricle  the  free  lateral  wall  carrying  the  anterior  papillary  muscle 
is  approximated  to  the  septal  wall,  and  in  the  apical  part  of  the  heart  the  cavity 
is  obliterated  by  the  apposition  of  the  trabeculae.  The  crista  supraventricular  is 
projects  more  deeply  into  the  lumen  of  the  ventricle  and  the  trabecula  septo- 
marginalis  (moderator  band)  is  contracted,  so  that  the  separation  of  the 
"  inflowing  "  and  "  outflowing  "  parts  of  the  cavity  is  more  sharply  defined 
than  in  the  diastolic  heart.  Of  the  "  inflowing  "  chamber  there  remains  in 
the  systolic  heart  only  a  part  of  the  perivalvular  groove  and  a  small  central 
supra-papillary  space  near  the  heart  base.  The  atrio-ventricular  orifice  is 
narrowed.  The  "  outflowing  "  chamber  is  reduced  in  size  and  becomes  of  a 
tubular  form,  but  it  is  not  so  much  reduced  as  the  outgoing  chamber  of  the  left 
ventricle ;  so  that  in  the  systolic  heart  the  amount  of  blood  left  in  the  right 
ventricle  is  greater  than  the  amount  left  in  the  left  ventricle.  It  is  thus  explained 
that  although  the  capacity  of  the  right  ventricle  is  greater  during  diastole  the 
same  quantity  of  blood  is  expelled  from  the  two  sides. ^ 

The  changes  in  the  external  form  of  the  atria  are  (1)  the  interatrial  groove 
on  the  upper  and  posterior  walls  and  the  sulcus  terminalis  on  the  right  atrium 
are  deepened;  (2)  the  atrial  appendages  are  raised  a  little  so  that  they  more 
directly  face  the  atrio-ventricular  openings  ;  and  (3)  on  the  roof  of  the  left  atrium 
a  frontal ly  placed  furrow  is  formed  between  the  upper  pulmonary  veins  and 
the  left  appendix.  The  changes  in  the  interior  of  the  atria  ^  are  directed  to  the 
closing  of  the  mouths  of  the  great  veins  to  prevent  the  regurgitation  of  blood 
into  them  during  systole.  In  the  left  atrium  there  is  at  least  the  anatomical 
possibility  that  the  pulmonary  veins  may  be  closed  by  the  sphincter-like  muscle 
fibres  which  surround  their  orifices  and  extend  along  their  intra-pericardial 
parts  (p.  71),  but  whether  they  are  so  closed  yet  remains  to  be  conclusively  stated  ; 
Keith  believes  that  they  are  closed  by  an  approximation  of  the  anterior  and 
posterior  walls.  In  the  right  atrium  there  is  no  such  possibility,  and  the 
mechanisms  for  closing  the  venae  cavae  are  other  than  sphincteric  contraction. 
The  musculi  pectinati  become  closely  applied  to  one  another.  The  crista  termin- 
alis is  powerfully  contracted,  its  radius  of  curvature  is  much  shortened,  and  it 
projects  downwards  as  a  shelf  into  the  atrium.    The  limbus  fossae  ovalis  is  shortened 

1  The    old    discussion    of   the    relative    size    of   the    ventricles    is    fully    given    in    Todd's 

"  Encyclopsedia." 

■'  Keith  believes  that  to  produce  the  changes  of  the  ntiinl  walls  the  contraction  of  the  right 

crus  of  the  diaphragm  is  a  necessary  factor. 
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ami  ihickrmd.  its  antiric.r  part  being  drawn  Imckwards.  The  separation  between 
the  sinus  vcnaruin  and  the  atrium  thus  becomes  more  pronounced,  and,  accorchng 
to  Kkith,  the  two  parts  arc  separated  from  one  another.  The  torus  Lowcri 
l)Ccomes  ver)-  prominent  and  between  it  and  the  crista  terminalis  above,  and 
iH'twcen  it  and  the  margin  of  the  i:ustachian  valve  below,  there  are  formed 
narrow,  deep,  transversely  placed,  slit-like  clefts  into  which  the  vena;  cavic  open 
and  in  which  their  orifices  are  almost  obliterated;  and  in  the  lower  cleft  the 
lower  part  of  the  fossa  oval  is  is  hidden  (fig.  43).  The  angulation  between  the 
two  cavie  is  increased.  The  sub-luistachian  sinus  becomes  a  deep  fos.sa,  bounded 
medially  by  the  Kustachian  valve.  The  coronary  sinus  is  dosed  by  the  approxi- 
mation of  its  septal  wall  (inferior  limbi<-  band)  and  its  valvular  fob!  fKi-rrn). 


s.v.c 


Crista  terminalis.  -»,. 


Torus  Linviri.  •  ■ 


Eustafhian  valve.  .. 


.,  Ttrnia  sagillalis. 


Limbus  fossa  ovalis. 


lYC. 
Fio.  43.— The  interior  ok  thk  right  atrium  in  thk  contracted  state.    (After  Keith.) 


In  the  left  atrium  the  changes  arc  much  simpler.  A  ridge  (ticnia  terminalis 
sinistra,  Kkith),  almost  circular  in  its  extent,  frontally  placed,  and  corresponding 
to  the  groove  previously  mentioned,  ai)pcars  in  the  roof  of  the  atrium  and  projects 
well  into  its  cavity  and  divides  it  into  anterior  and  posterior  parts.  The  posterior 
part  (vestibule,  Kkith)  is  a  small  transversely  placed  chamber  into  the  lateral 
parts  of  which  the  pulmonary  veins  open,  but  the  .separation  between  it  and  the 
anterior  part  (atrium  proper)  is  by  no  means  so  marked  as  in  the  right  atrium.^ 

THE   STRUCTURE  OF   THE   HEART 

The  heart  wall  consists  chiefly  of  muscle  tissue  which  is  known  as  the 
myocardium  This  is  invested  on  the  outer  surface  by  a  serous  membrane,  the 
epicardium  (p.  2')),  while  on  its  inner  surface,  that  is,  in  the  cavities  of  the 
heart,  ji  j.s  lined  with  endocardium  (p.  26);    both  of  these  layers  have  already 


'  Keith,  however,  descrilics  the  sepiiration  to  l>c  complete. 
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heen    described     and     it    remains    now    to    describe    the    arranf^enient    of   the 
musculature. 

The  Myocardium.— -Cardiac  muscle  differs  from  skeletal  imisde  not  only 
in  its  microscopic  characters,  but  also  in  some  of  its  macroscopic  arrangements; 
and  there  is  much  less  fibrous  tissue  in  it  than  in  skeletal  muscle.  Of  the  micro- 
scopic differences,  as  are  described  in  Vol.  II.,  Part  I.,  it  is  necessary  to  note 
here  only  that  heart-muscle  cells  are  arranged  in  a  general  syncitial  network  (iig. 
44),  the  fibrils  being  common  to  more  than  one  cell  ;  the  presence  or  absence 
of  cement  lines  {Kittlinien)  as  cell  boundaries  does  not  affect  the  general 
statement.  The  muscle  cells  are  arranged  in  bundles  which  do  not  show  the 
distinct  definition  of  skeletal  muscle  bundles,  for  they  anastomose  with  one  another 
through  numerous  lateral  branches  and,  as  it  were,  reproduce  in  a  grosser  form 
the  finer  syncitial  arrangements  of  the  cells.  These 
bundles  can  be  followed  for  considerable  lengths 
in  practically  any  vertebrate  heart,  especially  when 
the  arrangement  of  the  musculature  is  simple  ;  and 
the  interchange  of  fibres  at  the  sides  of  the  bundles 
can  readily  be  observed.  The  anastomoses  between 
the  bundles  thus  being  chiefly  in  one  plane,  the 
bundles  are  bound  to  one  another  in  layers  or 
sheets  which  may  be  only  in  loose  union  with  the 
layers  which  lie  superficial  and  deep  to  them. 
These  layers  can  be  defined  most  easily  on  the  atria 
and  on  the  outer  and  inner  surfaces  of  the  ventricles . 
Even  here,  however,  their  isolation  demands  the 
division  of  a  certain  amount  of  anastomoses 
between  the  layers,  and  to  this  extent,  therefore, 
they  must  be  considered  artefacts  though  they 
represent  the  direction  in  which  the  muscle 
shortens  in  contracting.  In  the  middle  parts  of 
the  muscle  substance  of  the  ventricles  the  layer 
formation  in  the  same  sense  no  longer  exists  since 
the  anastomoses  are  developed  more  equally  in  all 
directions.  In  certain  parts,  for  example  in  the 
papillary  muscles,  the  anastomoses  are  so  uniformly 
developed  that  the  muscle  bundles  cannot  be 
isolated  from  one  another;  yet  even  here  there  is  a  principal  direction  in 
which  the  bundles  are  arranged. 

Vesalius  was  the  first  definitely  to  teach  that  the  heart  wall  consists  of  interwoven  muscle 
fibres  arranged  in  layers ;  before  him  the  heart  wall  was  described  to  be  formed  of  a  "  special 
parenchyma  "  which  was  not  muscle  tissue,  and  Galen  at  some  length  points  out  the  differences. 

There  are  in  the  atria  of  the  adult  heart  moderate  numbers  of  small  elastic  fibres  among  and 
lying  parallel  to  the  muscle  fibres ;  apparently  they  are  not  present  at  birth,  but  are  very  much 
increased  in  number  and  size  in  old  age.  There  is  much  less  elastic  tissue  in  the  ventricular 
myocardium. 

The  Heart  Skeleton.— The  cardiac  musculature  is  attached  to  fibrous  and 
fibro-cartilaginous  parts  which  lie  at  the  junctions  of  the  atria  and  the  ventricles 
and  the  ventricles  and  the  arteries  and  at  the  apices  of  the  papillary  muscles, 
and  may  well  be  named,  as  seems  first  to  have  been  done  by  French  writers, 
the  heart  skeleton.  The  heart  skeleton  consists  of  the  following  parts  (figs.  45 
and  46) :  (1)  The  septum  membranaceum,  the  position  of  which  has  already 
been  described   (p.  55).     It  remains  now  to  refer  to  its  continuation  upwards 


Fig.    44.  —  Muscular    fibres 

FROM  THE  heart,  MAGNI- 
FIED, SHOWING  THEIR  CROSS 
STRI^,      DIVISIONS,      AND 

junctions.     (schweigger- 

Seidel.) 

The  nuclei  and  cell-junctions 
are  only  represented  on  the 
right-hand  side  of  the  figure. 
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in  front  into  the  right  spatium  intcrvalvulare  to  reach  the  "aortic  root  "  where 
it  is  c-ontinuous  with  the  "  tendon  of  the  tonus  "  (see  below),  and  to  its  extension 
Iwckwards  and  upwards  as  the  septum  atrio-ventriculare  (p.  55)  into  the  tri- 
gonuni  fihrosum  dextrum.  (2)  The  trigonum  fibrosum  dextrum  (|x)sterior 
aortic  ligament,  Mali.)  is  a  mass  of  fibrous  tissue  of  almost  cartilage-like  con- 
sistency *  wliich  lies  behind  the  aortic  orifice  and  extends  backwards  in  a  more 
or  less  ix)inted  prmess  between  the  two  atrio-vcntricular  orifices.  As  seen  from 
above  (fig.  46)  it  has  approximately  a  triangular  .shape.  Anteriorly  it  is  bounded 
by  the  aortic  wall  and  is  directly  continued  into  the  fibrous  aortic  root  on  the 
left  and  right  sides.  The  posterior  i)ointcd  |)rocess  (filum  coronarrum  medium, 
Hi:ni.k.)  forms  the  medial  boundary  of  the  left  atrio-vcntricular  orifice  and  is 
continued  into  the  annulus  fibrosus  of  that  opening,  ami  from  its  right  margin 
part  of  it  is  continued  into  the  thin  annulus  fibrosus  of  the  right  atrio-ventricular 
opening.  The  septum  membranaceum  (septum  atrio-ventriculare)  is  continued 
upwards  into  the  right  margin  of  the  trigone,  and  the  tendon  of  Todaro  (p.  33) 

Pulmonary  root. 

Trig.  fib.  simstrum.  ^^  ^-  ^    "'^^r 

^^^-50  Mr       ■"  (-onus  tendon. 

D.       ^^ 

.Septum 
membrantueum. 


Tendon  of  Ti>daro. 

Fit;.  45. -The  heart  skeleton,      (.\itcr  Unoar.) 
D.  trigonum  fil)rosum  dextrum. 


is  also  attached  to  it  here.  On  the  left,  in  front,  it  is  continued  into  the  left 
trigonum  fibrosum,  the  aortic  cusp  of  the  mitral  valve  arising  from  the  adjacent 
parts  of  the  two  trigona.  Close  to  its  attachment  to  the  aorta  it  is  perforated  by 
the  atrioventricular  bundle  of  His.  (3)  The  trigonum  fibrosum  sinistrum 
(left  aortic  ligament,  Mall),  smaller  than  the  right  but  of  the  .same  cartilaginous 
consistency,  lies  on  the  left  side  of  the  aortic  orifice.  The  wall  of  the  aorta  forms 
its  concave  base,  while  its  apex  passes  to  the  left  and  is  continued  as  a  pointed 
process  (filum  coronarium  sinistrum,  Hknle)  round  the  front  of  the  left  atrio- 
ventricular opening  and  into  its  annulus  fibrosus.  The  left  anterior  angle  is 
continued  directly  forwards  into  the  aortic  root.  (4)  The  conus  tendon  of 
Kkkhi.  (right  aortic  ligament,  .Mall;  septum  aorticum  supcrius,  His)  is  a 
strip  of  tendinous-like  fibrous  tissue  which  begins  opposite  the  anterior  aortic 
cusp  and  runs  forwards,  to  the  left,  and  upwards  in  the  roof  of  the  conus  of 
the  right  ventricle  to  the  root  of  the  pulmonary  artery,  where  it  ends  in  the  posterior 
spatium  intcrvalvulare  (fig.  46).  It  docs  not  extend,  however,  through  the 
whole  thi<  knrss  of  the  conii-^  musculature.    It  was  first  described  by  Krehl 


'  It  is  ollcn  rclcrrcd  to  as  the  ccntr.Tl  cartila(;c  ol'  the  heart. 
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m  the  dog;^  MacCallum  afterwards  described  it  in  the  jjig,  and  Maij.  in  the 
human  subject.  Along  it  the  conus  and  the  aorta  arc  firmly  blended.  When 
followed  downwards  it  leads  to  the  membranous  septum.  (5)  The  arterial 
roots,  the  fibrous  tissue  rings  at  the  roots  of  the  pulmonary  artery  and  aorta, 
have  already  been  described  (p.  49).  It  remains,  however,  to  indicate  here 
that  the  aortic  root  is  fixed  at  the  heart  base  to  the  right  trigonum  fibrosum 
behirid,  to  the  left  trigonum  fibrosum  on  the  left,  and  to  the  conus  tendon  on 
the  right  (fig.  45) ;  and  that  in  this  sense  these  parts  have  been  well  named  by 
Mall  the  "  aortic  ligaments,"  which  so  tie  the  aorta  to  the  heart  that  the  force 
of  contraction  is  prevented  from  "  shooting  the  aorta  out  of  the  heart  "  (Mall). 
(6)  The  annuli  fibrosi  of  the  atrio- ventricular  openings,  the  first  parts  of  the 
heart  skeleton  to  be  recognised  and  described,  consist  of  the  fibrous  tissue  which 
surrounds  these  orifices.     It  is  to  be  noted,  however,  that  at  neither  opening  is 


Trig,  fib 


Aortic  cusp  of  -- 
mitral  valve. 


tendon . 


'/.-/'.  bundle. 


—  Ant.  cusp  of 
tricuspid  valve. 


Trig.  fib.  dex. 

Fig.  46. —The  heart  skeleton. 
A  view  of  the  base  of  the  ventricles  after  removal  of  the  atria. 


there  a  uniformly  developed  ring-like  band,  but,  as  Henle  first  indicated, 
each  annulus  consists  of  parts  of  very  different  consistency  and  structure.  The 
right  annulus  consists  of  the  dense  right  trigonum  fibrosum  which  forms  its 
left  circumference  and  is  continued  forwards  and  backwards  into  the  loose 
fibrous-tissue  zone  which  encircles  the  remainder  of  the  orifice ;  at  certain  parts 
this  zone  is  very  thin  and  almost  loses  its  definition,  its  position  then  being 
indicated  by  the  attachments  of  the  cusps  of  the  tricuspid  valve  (fig.  46).  The 
left  annulus  consists  of  the  adjacent  portions  of  the  trigona  fibrosa  and  of  the 
fila  coronaria  (medium  and  sinistrum)  which  pass  from  them  ;  but  at  its  left 
and  posterior  parts  it  consists  of  loose  tissue,  forming,  however,  a  more  distinct 
band  than  on  the  right  side  (fig.  46).  The  aortic  root  may  be  described  as 
forming  that  part  of  the  annulus  which  lies  between  the  trigona. 

Histology  of  Heart  Skeleton.— The  structure  of  the  heart  skeleton  differs  at  different  parts 
and  also  at  different  ages.  The  annuli  iibrosi  proper  consist  of  loose  fibrous  tissue  in  which 
there  are  small  fatty  patches.  The  septum  membranaceum  consists  of  interlacing  bundles  of 
dense  fibrous  tissue  ;  on  both  surfaces  there  are  abundant  elastic  fibres,  but  these  belong  to  the 
endocardium  with  which  it  is  covered.     The  trigona  are  more  complex  in  structure.     They  have 
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U-t-n  >laUtl  to  loiiNiNt  of  ril.rorarlilaKinmis  lisMio  {JosKIMl,  I'.\K<  iiai-I'K)  ami  tin-  pn-scncc 
of  nirtilngr  rolls  has  U-cii  ailirmcd  (Lrs<  IIKA,  Pf)IRlKR) ;  Kavaro  (lcscriL>cs  them  to  iH-iormcd 
of  a  Vfsinilatfil  filirous  tissur,  aixl  Kini.RKR  an<l  I.ii.ikvrk  of  a  vfsiculatcd  filiroclastic  tissue 
(the  last  writirs  have  cKstrilied  llie  ihvilopimni  of  the  tissue  arul  the  difTerent  end-forms  in 
different  animals).  The  tissue  seems  to  have  a  special  affinity  for  hicmatoxylin  and  is  very*  dark 
in  stained  seelions,  es|M-(ially  in  <  hildren.  It  is  not  roloured  uniformly  with  Van  (leison  stain, 
yellowish  patihes  of  varying  size  appearing  in  the  red  l)a(kj,'round  ;  at  these  parts  larjje  rells  with 
well-dcAncd  nuclei  arc  present,  while  in  the  red  parts  the  cells  arc  small  and  few  in  numl^er. 
The  elastic  tissue  is  small  in  amount  ;    in  the  child's  heart  it  is  ahsent. 

The  structure  of  the  heart  skeleton  varies  in  different  animals.  The  os  cordis  in  the  triRonum 
lilifosum  dextrum  of  the  ox  and  sheep  is  one  such  variation  ;  it  reaches  downwards  into  the  up|)er 
ji.irt  of  the  pars  memhranacea  scpti  and  is  easily  felt  from  the  right  atrium.  True  cartilage  is  to 
i>e  found  in  this  position  in  the  horse,  and  sometimes  a  smaller  cartilage  in  the  left  trigonum ; 
these  cartilages  arc  also  to  l)c  found  in  the  pig.  In  old  age,  in  man,  calcification  to  a  considerable 
extent  may  occur. 

The  Atrial  Musculature. The  atrial  musculature  i.s  much  more  simply 
arraii^ecl   than   the   ventricuhir   mu.sculaturc.     It    was   first   described    in   detail 

Kir..  47.— Antkrior  view  of  heart  of  a 

YOING  Sl'BJECT  DISSECTED  AFTER  LONG 
HOILING,  TO  SHOW  THE  SLTERFICIAI. 
MUSCIL.\R  FIBRES.  (AlLENTHOMSON.)  J. 

This  figure  is  planned  after  one  of 
Lusrhka's,  but  its  details  were  chiefly  taken 
from  an  original  preparation.  The  aorta,  b' , 
and  pulmonary  artery,  a',  have  been  cut 
short  close  to  the  semilunar  valves,  so  as  to 
show  the  anterior  fibres  of  the  atria,  a, 
superficial  liiyer  of  the  fibres  of  the  right 
ventricle;  b,  that  of  the  left;  c,  c,  anterior 
interventricular  groove;  d,  right  atrium; 
(/',  its  ajipendix,  both  showing  chiefly 
IH-rpcndicular  fibres;  e,  upper  part  of  the 
left  atrium  ;  between  e  and  b' ,  the  transverse 
fibres  which  behind  the  aorta  pass  across 
both  atria;  c' ,  appendix  of  left  atrium;/, 
superior  vena  cava,  around  which,  near  the 
atrium,  circular  fibres  are  .seen  ;  g,  g' ,  right 
and  left  jiulmonary  veins  with  circular  bands 
of  fibres  surrounding  them. 

by  Gkroy  and  has  since  been  specially  studied  by  Bourgp:ry,  Luschk.\,  Keith, 
Favaro,  and  Papkz.  A  dissection  froin  the  surface  displays  two  groups  of 
fibres,  namely  (1)  longer  su])erficial  fibres  which  are  common  to  both  atria, 
and  (2)  shorter  deep  fibres  proper  to  each  atrium.  The  superficial  fibres  on  the 
whole  run  transversely,  while  of  the  deeper  fibres  some  form  vertical  loops  and 
others  annular  bands  round  the  atrial  orifices.  Hoth  sets  of  fibres,  however, 
show  considerable  individual  variations.  The  wall  of  the  left  atrium  is  thicker 
and  more  muscular  tlian  that  of  the  right  atrium. 

1.  Amf)ng  the  long  fibres  which  arc  coiumon  to  both  atria  the  following 
specific  bundles  may  be  describctl.  (A)  The  fasciculus  interatrialis  horizontalis 
(LuscHKA)  which  is  moderately  constant  in  its  course  and  extent  though  it 
is  variable  in  size.  It  emerges  from  the  posterior  interatrial  sulcus  near  the 
coronary  sulcus,  its  fibres  being  attached  to  the  annuii  fibrosi,  especially  the 
annulus  of  the  left  side  (fig.  48) ;  and  it  passes  to  the  left  on  the  posterior  surface 
of  the  left  atrium  and  then  forwards  to  the  ba.se  of  the  atrial  appendi.x.  It 
divides  there  into  two  parts,  one  passing  below  and  one  above  the  appendix. 
That  part  which  |)asses  below  the  appendix  is  joined  by  a  small  part  of  that 


The  sTRiciuRi.;  oi 


ii'    ni'iAkr 


71 


which  passes  above  and  is  then  continued  over  tlie  anterior  interatrial  furrow 
to  the  surface  of  the  right  atrium  on  which  it  runs  hiterally  in  front  of  the  superior 
vena  cava  and  may  be  traced  along  the  medial  surface  of  the  right  appendix 
(hg.  47).  The  remaining  part  of  the  fascicuhis,  that  whicli  jjasses  above  the  left 
appendix,  in  part  dips  into  the  anterior  interatrial  furrow  and  ends  in  the  septum 
(ta-nia  terminalis  sinistra,  Keith)  and  in  part  crosses  the  furrow  and  passes 
behind  the  superior  vena  cava.  (J5)  The  fasciculus  interatrial  is  verticalis 
(Luschka)  runs  almcst  at  right  angles  to  the  fasciculus  horizontalis.  It  appears 
from  behind  the  aorta,  ascends  over  the  anterior  surface  of  the  left  atrium,  nnd 
then  passes  between  the  right  and  left  pulmonary  veins  to  the  posterior  surface 
where  the  greater  part  of  it  disappears  into  the  posterior  interatrial  furrow; 
a  smaller  part  is  continued  on  to  the  right  atrium  and  reaches  as  far  as  the  ix)stcrior 
wall  of  the  inferior  vena  cava,  and  Luschka  has  described  (in  one  instance)  its 
attachment  there  to  the  diaphragm. 

Fig.    48.— Posterior    view    of    the    same 
preparation  as  is  represented  in  the 

PRECEDING  FIGURE.    (AlLEN  THOMSON.)   f. 

a,  right  ventricle;  b,  left  ventricle;  c, 
posterior  interventricular  groove ;  d,  right 
atrium;  e,  the  left;  /,  sujierior  vena  cava; 
g,  g' ,  pulmonary  veins  cut  short;  h,  coronary 
sinus,  with  cardiac  muscle  fibres  in  its  wall ; 
It' ,  middle  cardiac  vein  joining  the  coronary 
sinus ;  i,  inferior  vena  cava ;  i' ,  Eustachian 
valve. 


2.  The  short  fibres  are  arranged 
in  distinct  bundles  only  at  certain  parts 
of  the  atria,  at  the  other  parts,  where 
the  walls  of  the  atria  are  thinner,  the 
arrangement  is  indefinite  and  subject 
to  considerable  variation  ;  in  a  general 
way  they  may  be  described  to  form 
vertical  looped  fibres,  which  arch  over 
the  atria  and  are  attached  at  their  ends 
to  the  atrio-ventricular  skeletal   rings 

and  circular  horizontal  fibres.  The  following  bundles  are  among  those  which  can 
be  defined.  (A)  Circular  fibres,  forming  sphincter-like  bundles,  are  quite 
distinct  round  the  pulmonary  vein  orifices  (fig.  47)  and  extend  along  the  pul- 
monary veins  as  far  as  the  pericardium  ;  in  man  the  extrapericardial  parts  of 
the  pulmonary  veins  do  not  contain  cardiac-muscle  fibres  as  has  been  described 
by  Rauschel,  Strida,  and  Favaro,  though  they  are  to  be  found  in  these  parts 
in  other  forms  (rat,  Mackenzie).  There  are  no  comparable  sphincteric  bands 
round  the  orifices  of  the  venae  cavae.  At  the  lower  caval  orifice  the  transition 
from  the  atrial  to  the  venous  wall  is  sharply  defined  (fig.  47),  and  at  the  upper 
orifice,  though  a  few  atrial  fibres  ^  are  prolonged  on  the  vein  wall  in  a  spiral 
manner,  they  cannot  have  any  sphincter-like  action ;  a  special  band  of  atrial 
fibres  is  described  by  Keith  in  the  septal  wall  of  the  superior  orifice.  (B)  The 
orifice  of  the  coronary  sinus  is  surrounded  by  circular  fibres  which  also  extend 
along  the  sinus  as  far  as  the  valve  of  Vieussens  in  its  interior  (fig.  47).  (C)  The 
musculi  pectinati  consist  of  almost  parallel  bands  which  pass  laterally  from  the 


^  Keith  regards  these  fibres  as  persistent  sinus  musculature. 
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•  ri>ta  tcmiinalis  and  i-nd  at  tlic  coronary  sulcus  in  the  annulus  dexter.  (D)  The 
orifice  of  the  left  atrial  appenilage  is  constricted  and  defined  by  a  weakly  developed 
cirmlur  band  ;  but  there  is  no  corresponding  band  at  the  orifice  of  the  right 
app<ndage.  (K)  A  dissection  of  the  inner  surface  of  the  right  atrium  displays 
a  series  of  distinct  bundles  which  have  a  more  or  less  common  origin  from  the 
trigonum  fibrosum  dextrum  and  lie  in  the  atrial  wall  immediately  under 
the  endocardium  and  j^rmluce  the  ridges  of  the  annulus  fossa;  ovalis,  the  torus 
Lowcri,  and  the  crista  terminalis ;  they  are  intimately  concerned  in  the 
determination  of  the  form  of  the  systolic  atrium,  as  has  already  been  described 
(p.  GT)).  Four  such  bundles  may  be  recognised:  (a)  The  fasciculus  terminalis 
(tania  terminalis,  Knn  n)  begins  on  the  septum  just  above  the  atrio-ventricular 
orifice  and  runs  upwards  on  it  as  rather  a  flat  band  as  far  as  the  orifice  of  the 
superior  vena  cava  (fig.  43).  As  a  more  rounded  bundle  it  then  runs  laterally 
over  the  roof  of  the  atrium,  passing  anterior  to  the  caval  opening,  and  is  con- 
tinued into  the  crista  terminalis  of  which  it  forms  the  substance.  Its  fibres  are 
continued  from  its  lateral  edge  as  the  musculi  pcctinati,  while  below  they  end 
partly  in  the  Eustachian  valve  and  partly  on  the  posterior  wall  of  the  orifice 
of  the  inferior  vena  cava,  {fi)  The  fasciculus  limbicus  superior  is  an  arched 
bundle  which  forms  the  sub.stance  of  the  upper  and  posterior  limbs  of  the  limbus 
fossa;  ovalis.  At  the  uppermost  part  of  the  limbus  it  divides  into  two  parts, 
the  lower  of  which  (superior  limbic  band)  continues  to  encircle  the  fossa  ovalis 
and  ends  below  on  the  posterior  and  lateral  walls  of  the  orifice  of  the  inferior 
vena  cava  ;  the  upper  division  runs  laterally  on  the  septum  and  as  (<■)  the  fasciculus 
Loweri  (Keith)  forms  the  substance  of  the  torus  Loweri ;  its  fibres  end  in  the 
crista  terminalis.  (d)  The  fasciculus  limbicus  inferior  (the  inferior  limbic  band, 
Keith)  forms  the  anterior  part  of  the  limbus  (osasc  ovalis  and  then  extends  on 
to  the  medial  and  anterior  walls  of  the  orifice  of  the  inferior  vena  cava  ;  a  few  of 
its  fibres  end  in  the  medial  part  of  the  Eustachian  valve.  There  are  no  such 
definite  bands  to  be  displayed  on  the  interior  of  the  left  atrium,  apart  perhaps 
from  that  described  by  Keith  as  the  taenia  terminalis  sinistra  (p.  66).  "  It  takes 
origin  in  the  trigonum  fibrosum  dextrum,  runs  transversely  across  the  roof 
between  the  atrial  appendage  and  the  upper  pulmonary  veins,  along  which 
line  a  groove  appears  on  the  surface  of  the  systolic  atrium  (p.  65) ;  and  it 
terminates,  in  part,  in  the  left  side  of  the  left  annulus  fibrosus.  It  is  in  no  manner 
to  be  compared  in  its  size  with  the  crista  terminalis  of  the  right  atrium. 

The  Ventricular  Musculature.  -The  muscular  bundles  of  the  ventricles 
are  arranged  in  more  intricate  combinations  than  the  bundles  of  the  atria.  It 
has  been  suggested  that  the  difference  in  the  arrangement  is  produced  by  the 
torsion  of  the  ventricular  loop,  the  ventricular  "fibres  being  laid  down  in  spirals 
on  spirally  twisted  surfaces;  the  atria  undergo  no  twisting  and  the  atrial  fibres, 
therefore,  are  simple  annular  bands  (Walmslev).  In  an  introductory  account 
such  as  this  is,  it  is  not  possible  to  refer  to  all  the  descriptions  of  the  ventricular 
muscle  that  have  been  made;  a  full  account  of  the  literature  of  the  subject  is 
given  by  Tandler,  and  analyses  of  it  have  been  made  by  MacCai.i.im  and 
Mall,  The  architecture  of  the  ventricles  in  other  vertebrates  than  mammals  is 
described  by  Owen,  Petticrew,  and  Shaner. 

It  is  most  convenient  first  to  give  a  short  description,  on  a  purely  topographical 
basis,  of  the  layers  which  can  be  defined. 

The  fibres  on  the  surface  of  the  ventricle,  superficial  fibres  (vortex  fibres, 
Tandler;  superficial  bulbo-spiral  and  sino-spiral  systems.  Mall),  arise  from 
the  tendinous  structures  round  the  orifices  at  the  base  of  the  heart  and  appear 
from  the  whole  circumference  of  the  coronary  sulcus  (figs.  47  and  48).    They 
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extend,  in  a  spiral  course,  the  fibres  over  the  right  ventricle  more  transversely 
and  those  over  the  left  ventricle  more  vertically,  towards  the  apex  of  the  heart 
where,  with  an  abrupt  twist  which  forms  the  vortex,  they  pass  into  the  interior 
of  the  left  ventricle  and  are  continued  there,  as  ascending  fibres,  into  the  papillary 
muscles  and  as  the  innermost  muscular  layer  of  that  cavity.  They  may  be 
arranged  in  two  groups,  the  anterior  and  the  posterior  superficial  fibres. 

That  the  superficial  fihres  turn  in  at  the  apex  of  the  heart  and  spread  out  on  the  in.side  of  the 
loft  ventricle  was  known  to,  and  described  by,  Lower  (Tractus  de  corde,  1669),  though  it  is 
stated  by  Haller  and  is  implied  by  Mall  that  it  had  previously  been  described  by  Borei  i  i  • 
and  It  forms  part  of  all  the  descriptions  of  the  ventricular  muscle  which  have  since  been  given' 
There  were  thus  early  recognised  outer  and  inner  muscular  lavers,  the  fibres  of  which  are  con- 
tinuous at  the  apex  of  the  left  ventricle.  It  has  been  thought  that  a  similar  continuity  is  to  be 
found  at  the  base  of  the  heart,  and  that  few  if  any  of  the  bundles  are  attached  to  the  tendinous 
rings.  But  though  some  bundles  of  the  deep  layer  may  turn  at  the  atrio-ventricular  openings 
the     ends     of    all     the     fasciculi    are  ' 

attached  to  the  fibrous  structures  at 
the  base  either  directly  or  through 
the  medium  of  the  chordse  tendineae 
and  the  cusps  of  the  valves. 

The  anterior  superficial 
fibres  (superficial  bulbo-spiral 
fibres.  Mall)  arise  from  the 
anterior  parts  of  the  left  and 
right  annul i  fibrosi  and  from 
the  conus  tendon,  and  descend 
obliquely  downwards  and  to  the 
left  as  a  broad  sheet  over  the 
anterior  surface  of  the  heart. 
Near  the  apex  of  the  heart  they 
become  gathered  together  in  a 
more  compact  bundle,  groups 
of  fibres  being  superimposed 
on  other  groups ;  and  having 
reached  the  posterior  surface  of 
the  left  ventricle  they  turn  into 
the  vortex  as  the  posterior  vortex 
horn  (see  p.  75)  and  disappear  (fig.  47).  Many  of  the  fibres  of  this  sheet, 
however,  dip  in  at  the  anterior  interventricular  groove  and  make  it  difficult 
to  raise  it  from  the  underlying  layers  without  free  division  of  the  penetrating 
bundles. 

The  posterior  superficial  fibres  (superficial  sino-spiral  fibres,  Mall) 
arise  from  the  posterior  parts  of  the  left  and  right  annuli  fibrosi,  and  as  a  well- 
defined  though  thin  layer  descend  obliquely  downwards  and  to  the  right,  on 
the  whole  more  vertically  than  the  anterior  fibres,  towards  the  apex  of  the  heart 
(fig.  48).  Turning  round  the  margo  acutus  near  the  apex  of  the  heart  the  fibres 
become  gathered  together  and  turn  into  the  vortex  as  the  anterior  vortex  horn. 
This  sheet  is  more  easily  defined  and  separated  from  the  surface  than  the  anterior 
sheet  for  it  differs  more  in  the  direction  of  its  fibres  from  those  immediately 
beneath  it. 

These  superficial  fibres  form  a  complete  covering  for  the  heart,  thinner  above 
than  below,  but  at  many  places,  especially  at  the  margo  acutus  and  on  the  anterior 
surface  of  the  right  ventricle,  connections  with  the  deeper  layers  may  be  demon- 
strated, slips  of  fibres  emerging  to  the  surface  (and  often  bridging  over  branches 


Fig.  49. — Surface  fibres  of  the  ventricles  of 
the    human    heart    from    the    front    and 

BELOW.      (ReID.) 
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(il  ilu-  lonmary  artrrirs)  aiul  oilur  >li|).s  passing  from  \hv  >url\uv  iniu  iIk'  htart 
.snl)Ntan(T.  If  those  biuulU-s  an-  lirokt-n  through,  the  supcTficial  hiycr  ran  he 
separated  from  the  underlying  hiyers.  At  the  vortex  the  superficial  fibres  form 
the  whole  thickness  of  the  heart  wall  ;  and  having  turned  in  at  the  vortex  they 
ascend  on  the  iiuier  surface  of  the  left  ventricle  in  the  trahecuhe  and  papillary 
muscles  and  on  the  surface  of  the  septum,  and  finally  are  attached  again  to  the 
fil)r<)Us  rings  from  which  they  arise.  In  gi-neral,  a  bundle  which  lies  superficial 
on  one  wall  ascends  as  a  deep  bundle  (Hi  the  o|)|)ositc  wall  ;  thus  fibres  which 
descend  on  the  surface  in  front  ascend  on  the  inner  surface  of  the  posterior  wall. 

Tlu"  Mi|)frti(  ial  lilircs  thus  coiniik-ti-  a  riiJurf-ot-S  loop  wliicli,  hdwr'ViT,  is  oj)cn  alKive  where 
the  ends  arc  attarhod  to  the  fibrous  rings  at  the  base.  The  one  liml)  of  the  loop  lies  on  the  outer 
surface  of  the  ventricle  and  the  other  on  its  inner  surface,  and.  as  was  |)ointed  out  l)y  Wkbkr, 
the  two  limbs  radiate  spirally  from  the  apex  to  the  base  in  opposite  directions,  so  that  if  the  heart 
lie  viewed  as  an  object  the  fibres  run  downwards  from  left  to  right  on  the  outer  surface  and  from 
right  to  left  on  the  inner  surface. 

Among  the  superficial  fibres  a  band  is  very  frequently  to  be  fcjund  issuing  from  the  roronary 
sulcus  and  descending  along  the  posterior  inter\'entricu!ar  groove  to  the  apex  of  the  heart ;  it 
npjK'ars  to  be  better  marked  in  the  newborn  than  in  the  adult,  that  is.  relatively  it  is  better 
developed.  It  was  figured  by  WoLFK  and  Hknlk  and  was  fully  described  l>y  Mali.,  and  it 
shouUi  probably  be  included  in  an  ordinary  description  and  not  classed  as  a  variation. 

The  deep  fibres  may  be  described  in  three  groups:  (I)  Fibres  belonging  to 
the  right  ventricle;  (2)  fibres  belonging  to  the  left  ventricle;  and  (3)  inter- 
ventricular fibres. 

1.  The  fibres  of  the  right  ventricle  (deep  sino-spiral  fibres,  Mall)  arise, 
under  cover  of  the  posterior  superficial  fibres,  from  the  posterior  circumference 
of  the  left  and  right  annul i  fibrosi  and  from  the  intervening  parts  of  the  trigonum 
dextrum.  and  run  towards  the  right  on  the  posterior  wall  of  the  right  ventricle. 
The  upper  fibres  are  almost  horizontal,  and  as  they  run  forwards  they  closely 
encircle  the  right  atrio- ventricular  orifice  ^ ;  the  lower  fibres  are  more  oblique, 
but  they  are  always  more  transverse  than  the  overlying  posterior  superficial  fibres. 
After  a  course  of  varj-ing  length  downwards  and  forwards  these  deep  fibres 
suddenly  bend  on  themselves,  turn  ujjwards,  and  run  towards  the  heart  base. 
The  more  caudally  placed  fibres  pass  deep  to  the  more  cranial  fibres,  a  peculiar 
interlocking  arrangement  thus  resulting;  and  they  spread  out  in  the  tral)eculx 
on  the  inner  surface  of  the  right  ventricle  and  pass  into  the  papillary  muscles. 
The  highest  fibres  pass  most  anteriorly  and,  having  reached  the  anterior  inter- 
ventricular furrow,  they  dip  into  the  septum  and  cover  its  right  surface.  On 
the  anterior  surface  of  the  ventricle  .some  fibres  arise  from  the  conus  tendon  and 
form,  with  some  fibres  from  the  anterior  side  of  the  right  atrioventricular  rinir. 
a  layer  which  encircles  the  conus. 

2.  The  deep  fibres  of  the  left  ventricle  form  the  thickest  layers  of  the  heart 
musculature.  They  arise,  under  cover  of  the  anterior  superficial  fibres,  from  the 
anterior  parts  of  the  left  annulus  fibrosus  and  trigonum  fibrosum  and  from  the  left 
part  of  the  right  annulus,  and  run  obliquely  to  the  left  and  downwards  on  the 
front  of  the  left  ventricle.  They  lie  more  transversely  than  the  superficial  fibres 
and  form  .several  layers,  the  bundles  of  which  arc  continuously  changing  their 
plane  (.see  below).  They  pass  round  the  margo  obtusus  on  to  the  posterior  surface 
<>\  the  heart,  the  lowest  fibres  not  reaching  the  ai)ex  which  is  therefore  entirely 
tree  of  deep  fibres;  and  they  continue  on  the  posterior  wall  until  they  reach 
the  septum,  into  which  they  bend.     From  the  .septum  .some  of  the  fibres  are 

•   In  the  bird's  heart  the.sc  fibres  form  the  mu.scular  valve  of  the  right  atrioventricular  orifice. 


Till'.    STRUCTURE    OF    Till-;    111; ART  75 

continued  into  the  anUTior  papillary  muscle,  and  through  it  to  the  a.H-lic  root, 
winle  the  others  are  continued  round  the  ventricular  wall  a  second  lime  and 
pass  into  the  posterior  papillary  muscle,  and  running  vertically  upwards  in  it 
end  in  the  right  trigonum  fibrosum.  (It  is  this  layer  which  was  unrolled  \,y 
MacCallum  and  Mall,  as  is  stated  in  the  discussion  below.)  At  the  base  of 
the  ventricle  there  are  fibres  which  arise  in  front  from  the  left  trigonum  and, 
encircling  the  atrio-ventricular  orifice,  pass  round  the  margo  obtusus  to  be 
attached  to  the  right  trigonum  behind. 

The  deep  fibres  of  the  left  ventricle  vary  considerably  in  their  mass  and  arrangement  in  the 
adult  heart,  and  it  has  been  recorded  that  in  the  dilated  heart  with  a  thin  wall  they  are  barely 
visible  and  that  in  the  hypertrophied  heart  they  are  excessively  developed.  They  are  relatively 
insignificant  in  number  in  the  newborn  and  the  young  child ;  thev  must  therefore  increase  and 
grow  very  markedly  in  childhood. 

3.  The    interventricular   fibres   arise   from  the  left  annulus  fibrosus  and 
from  the  lower  and  posterior  margin  of  the  septum  membranaceum,  cross  the 
septum,  and  run  downwards  on  its  right 
surface  parallel  to  the  long  axis  of  the 
heart ;     there    are    small    accessions    to 
them  from  the  septal  papillary  muscles. 
Near  the  apex  of  the  heart  they  turn  to 
the  left  and,  mingling  with  the  posterior 
superficial  fibres  in  the  anterior  horn  of 
the  vortex,  are  inserted  into  the  papillary 
muscles     of    the     left    ventricle.      This 
bundle   of  fibres  was  fully  described  by 
MacCallum   in  the  pig  and  by  Mall     Fig.  50.— View  of  the   fibres   of  the 
and   Knower   in   the    human  heart.      It  sheep's   heart,   dissected  at  the 

was   first    described    by    Senac    (1774),  ^'^^x    to    show    the     "vortex." 

and  was   described    and    figured   almost  ^  ettigrew., 

accurately  by  Gerdy,  and  has  been  re-  "":  ""'  ^^''''  ?/'""§  ^^'^  '^P^^  posteriorly 

,     ,,       .  ,        .^     ,      .  ^^^  ,  at    ^;     c,     ^,     fibres     entering     the     apex 

peatedly  identified  since  ;   Weber,  how-     anteriorly  at  d. 
ever,  denied  the  existence  of  the  bundle. 

The  peculiar  spiral  concentration  of  the  fibres  of  the  heart  at  the  apex  is 
known  as  the  vortex.  It  is  produced,  as  already  described,  by  the  twisting  or 
interlocking  of  the  superficial  fibres  as  they  pass  to  be  continuous  with  those 
in  the  interior.  It  possesses  two  horns,  an  anterior  and  a  posterior,  which  are 
easily  separated  from  one  another  and  are  then  seen  to  consist  of  the  posterior 
and  anterior  superficial  fibres  gathered  into  compact  masses. 

As  has  already  been  stated,  the  arrangement  of  the  ventricular  muscle  fibres  has  received 
great  attention  from  anatomists ;  and  mention  has  been  made  of  the  descriptions  given  by 
Vesalius,  Borelli,  and  Lower.  The  account  given  by  Lower  is  remarkably  complete  and 
formed  the  basis  of  the  further  work  done  at  Paris  under  Winslow  and  later  at  Leipzig  under 
Weber  and  Ludwig.  The  former  school  confined  themselves  to  a  detailed  description  of  the 
layers  into  which  the  heart  wall  may  be  divided,  and  the  course  and  attachments  of  the  constituent 
fasciculi ;  while  in  the  latter  school  a  more  functional  interpretation  was  sought  and  the  heart 
muscle  was  examined  as  a  whole.  Winslow  himself  {Mem.  de  VAcad.  de  Sc,  1711  :  "  Ex- 
position anatomique  de  la  structure  du  corps  humain,"  1732)  did  not  add  much  to  the  account 
given  by  Lower  ;  his  description  of  the  ventricles,  however,  as  "  two  (muscular)  bags  contained 
in  a  third  "  is  often  quoted.  Gerdy  ("  Recherches  .  .  .  d'anatomie,"  Paris,  1823),  a  pupil 
of  Winslow's  school,  followed  Winslow's  method  of  description  and  wrote  a  practically  complete 
though  complicated  account  of  the  arrangement  of  the  muscular  layers  of  the  ventricles ;  his 
figures,  however,  are  often  criticised.  Mall,  in  the  main,  has  followed  Gerdy's  account  and 
has  recorded  his  appreciation  of  his  work  ;  and  it  is  unlikely  that  there  are  now  any  great  changes 
to  be  made  in  the  pure  description  of  the  ventricular  muscle.     Ludwig  ("  Ueber  den  Bau  und 


ill 
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die  UcwcKungcn  dir  Ilfrzvfiilriki-I."  Zeitsthr.f.  rat.  Mtd.,  IW9)  made  a  detailed  study  of  the 
course  of  the  fihrcs  at  dilTerent  parts  and  an  analysis  of  their  attachments,  and  showed  that  each 
piece  of  the  ventricle,  which  possesses  the  entire  thi(  kness  of  the  wall,  has  a  system  of  fil.rCs  on 
its  «»uter  surface  and  a  system  at  approximately  ri^;ht  angles  to  it  on  its  inner  surface,  and  Ijetween 
them  a  series  of  layers  in  a  regular  succession  of  transition  of  direction  from  the  one  to  the  other 
(fig.  51) ;  but  he  l)elieve<l  that  any  separation  of  the  heart  wall  into  laj-ers.  with  the  exception 
i»f  the  su|xrtirial  layer,  must  U-  considercii  to  l»e  artiticial.     Lrnwir,  also  showed  that,  tendinous 

FlC.  >^\.  VlKW  OF  A  I'ARTIAl.  DISSFXTION  OF  THK 
FIBRF.S  OF  THK  ANTF.RIOR  WAI.I.  OF  THK  VENTRICLES 
IN  A  SHKEP'S  HEART.  DESIGNKD  TO  SHOW  THE  DIF- 
KKRKNT    DEORFES    OF    OBI.IO'ITY    OF    THK    FIBRES. 

(Ai.i.EN  Thomson,) 

At  the  base  and  apex  the  superficial  fibres  arc  dis- 
played :  in  the  inters'ening  space,  more  and  more  of 
the  fibres  have  been  removed  from  alxjve  downwards, 
reaching  to  a  greater  depth  on  the  left  than  on  the  right 
side,  a',  a',  the  superficial  fibres  of  the  right  ventricle  ; 
*',*•,  the  same  of  the  left  ventricle ;  at  2  these  fibres 
have  been  removed  so  as  to  expose  tho.se  underneath, 
which  arc  seen  to  have  the  same  direction  as  the  super- 
ficial ones  over  the  left  ventricle,  but  different  over  the 
right;  at  3  some  of  these  have  been  removed,  but  the 
direction  is  only  slightly  different;  4,  transverse  or 
annular  fibres  occupying  the  middle  of  the  thickness 
of  the  ventricular  walls;  6,  7,  internal  fibres  passing 
downwards  towards  the  apex  to  emerge  at  the  whorl  ; 
l>etween  c,  c.  the  anterior  coronary  or  inter\'entricular 
groove,  over  which  the  superficial  fibres  are  .seen  cross- 
ing;  in  the  remaining  part  of  the  groove,  some  of  the  deeper  fii)res  turn  backwards  into  the 
septum  ;  </,  the  pulmonary  artery;    e,  the  aorta. 

parts  not  being  present  in  the  myocardium  proper,  the  muscle  fibres  can  be  attached  only  to 
the  outer  and  inner  circumferences  of  the  rings  at  the  base  and  at  the  apices  of  the  papillan.- 
mu.scles ;  and  he  described  the  origin,  course,  and  termination  of  a  series  of  bands  of  fibres 
on  the  outer  and  inner  surfaces  of  the  heart,  showed  that  they  are  continuous  with  one  another 
at  the  apex  of  the  left  ventricle,  and  that  they  followed  the  figure-of-8  course  previously  descril>ed 
by  r.ERDV.  He  al.so  clearly  described,  as  WiNSLOW  had  done,  that  .is  the  outer  and  inner  .sheets 
are  followed  upwards  from  the  apex  to  the  base  more  and  more  layers  are  interjxjscd  between 
them.  Pettiorew  {Proc.  Roy.  Soc .  Ed.,  18»$(i ;  Phil.  Trans.  Roy.  .Soc.  104.  1864).  whose 
account  was  largely  followed  in  the  last  edition  of 
this  work,  but  who  does  not  seem  to  have  known 
of  Ludwig's  descriptions,  arranged  the  muscu- 
lature in  layers  according  to  differences  in  their 
direction.  He  descrilK-d  seven  layers  (fig.  511. 
three  outer,  three  inner,  and  one  central,  and 
stat<*d  that  the  first  and  .seventh,  second  and 
sixth,  and  third  and  fifth,  arc  continuous  at  the 
a[>tx  of  the  left  ventricle  and  along  the  anterior 
interventricular  groove.  He  gave  a  good  descrip- 
tion of  the  vortex.  This  method  of  descrijition, 
the  artificial  suMivision  of  the  musculature  into 
layers  and  the  description  of  each  layer,  was 
continuetl  by  WiNKi.ER  ("  Bcitrage  z.  Kentniss  d. 

Herzmuskulatur,"  Arch.f.  Anal.,  18<5r>;  "  .Scheiden  u.  Teilung  d.  primaiiven  Muskelbundel 
im  Herzen,"  ibid.,  1867)  and  by  Krehi.  ("  Ucber  d.  Bedeutung  d.  Herzmuskcls,"  Arb.  a.  d. 
mrd.  A'linik  xu  I.ripzig.  1893) ;    the  latter  descriljcd  the  conus  tendon  and  gave  a  good  account 

•'if  middle  layer,  which  he  wrongly  descril)ed,  however,  as  a  cylindrical  basket  of  circular 
;..  ;iA  which  had  no  terminal  attachments  and  could  be  shelled  out  of  the  middle  of  the  wall  of 
the  left  ventricle.     MacCallUM  ("Architecture  and  Growth  of  the  Ventricles  of  the  Heart," 

•  '  Hopkins  Hosfrital  Reports,  vol.  ix..  1900\  whose  work  was  afterwards  amplified  by  Mall 
\.'i'n.  /our.  Anat.,  vol.  xi.,  1911).  studied  the  musculature  of  foetal  (pig)  hearts.  He  described 
.HUperficial  and  deep  layers  much  in  the  manner  given  al>ove,  but  demonstrated  that  when  the  thin 


Fig.  52.— a   diac.ram  ok  the  arranc.k- 
ment  of  the  deep  mlscilatirk  of 

TIIKVKNTRICI  I  >-      f  Aft.rM  VI  r  \I  I  I   M    \ 


thp:  structure  ok  tiik  hkart 


77 


superhcial  muscles  are  removed  the  deep  musculature  consists  of  a  scroll-shaped  band  wound 
round  the  walls  of  both  ventricles  (fig.  52);    that  it  possesses  tendons  at  each  end-    that  it  is 
continuous  across  the  septum  from  the  right  to  the  left  ventricle ;    and  that  as  it  grows  older  the 
septal  part  remains  thin  while  the  parts  in  the  ventricular  walls  greatly  increase  in  thickness 
but  that  still  the  ventricles  can  be  unrolled  and  the  continuity  of  the  band  displayed. 

All  future  work,  which  must  be  interpretative  rather  than  descriptive,  .should  be  based,  like 
MacCallum's  work,  on  the  development  of  the  muscle  fibres;  and  as  these  are  laid  down 
in  human  embryos  of  20  mm.  length,  and  as  the  course  of  the  fibres  cannot  be  followed  with 
certainty  in  serial  sections,  the  difficulties  are  very  great.  The  present  position  may  be  thus 
summarised.  (1)  The  layers  on  the  outside  of  the  ventricle  wall  are  at  right  angles  to  tho.se 
on  the  inside  and  between  these  the  direction  gradually  changes  from  the  one  to  the  other.  The 
fibres  shorten  and  thicken  in  contraction,  the  shortening  being  in  the  direction  of  the  fibres, 
which  varies,  and  the  thickening  being  in  the  one  direction  which  is  common  to  them  all,  that 
is  in  the  direction  of  the  thickness  of  the  heart  wall ;  so  that  in  systole  the  heart  wall  becomes 
thicker.  (2)  No  simple  scheme,  wh-ch  applies  to  all  parts  of  the  heart  wall,  can  be  given  of 
the  course  of  the  muscle  bundles,  but  in  general  the  wall  consists  of  V-shaped  loops  lying  within 


Fig.  53. — A  diagram  of  the  .arrangement  of  the  ventricui..\r  muscle 

FIBRES  IN  LOOPS.      (After  MaLL.) 


one  another.  The  outer  loops  form  acute  angles  at  the  heart  apex  with  one  limb  on  the  superficial 
surface  and  the  other  on  the  deep  surface  ;  towards  the  middle  of  the  wall  the  loops  do  not  reach 
the  apex,  the  fibres  are  less  vertical  in  direction,  and  the  angle  is  less  acute ;  and  in  the  middle 
of  the  wall  the  fibre  is  shorter,  is  nearly  transverse  in  direction,  and  the  angle  is  obtuse  (fig.  53). 
There  is  thus  a  constant  progressive  change  in  the  direction  of  the  fibres  from  one  surface  to 
the  other.  This  change  is  the  expression  of  a  change  in  the  direction  of  contraction,  or  morpho- 
logically of  a  change  in  the  plane  of  the  major  anastomoses  between  the  fibres.  This  simple 
scheme  is  of  course  distorted  since  the  loops  are  not  completed  in  one  plane  but  pass  round  the 
ventricular  wall ;  but  it  expresses  the  view  that  the  ends  of  all  the  loops  are  open  and  are  fixed 
to  the  fibrous  rings  at  the  base. 

Dissection  of  the  Ventricular  Musculature  of  the  Human  Heart  (after  M.\cCallu.m, 
Mall,  and  Knower). — A  proportion  of  the  hearts  taken  from  dissecting-room  subjects  preserved 
with  carbolic  acid  are  suitable  for  dissection  by  this  method,  but  more  satisfactory  results  are 
obtained  from  fresh  hearts.  They  should  be  boiled  from  half  an  hour  to  two  hours  in  water 
acidulated  with  acetic  acid;  longer  boiling  softens  too  much  the  fibrous  tissue  at  the  base.  The 
atria  are  to  be  removed.  The  epicardium,  blood  vessels,  and  superficial  fat  are  then  entirely 
removed — there  will  be  some  destruction  of  the  superficial  muscles  in  early  attempts ;  the 
superficial  fibres  will  be  exposed.  These  fibres  may  be  separated  into  anterior  and  posterior 
sheets  most  easily  at  the  vortex,  by  inserting  the  handle  of  a  knife  between  its  two  horns  which 
they  form  ;    and  from  there  they  may  be  traced  upwards  over  the  surface  of  the  heart  to  their 
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origin  at  it*  Imim-.  TIu-  |x>»tcrior  siijHTfjcial  layer  is  to  Im-  divided  along  the  left  side  of  the  posterior 
inierN-rnlritular  furrow  and  raised  from  the  luxlerlyinv;  nuisrle.  The  se|ittini  may  now  W  split 
l.v  rollinn  the  right  ventrii  le  forwards  and  away  from  ihi-  left  venlricle  until  the  upjH-r  part  of 
the  interventriruiar  Land  is  ex|)ose<l ;  this  is  to  \k  rut  across  Ik-Iow  its  oriRin.  The  septal  l»loo<l 
vevM-ls  are  now  well  seen;  and  the  mrmhranous  septum  will  In-  split  and  the  atrio-ventrirular 
l.undle  seen  in  a  striking  manner  in  this  j)art  of  its  course.  The  right  ami  left  ventricles  may 
now  Ik-  further  unrolleil  and  the  course  of  the  deep  fibres  of  each  side  exposed ;  and  the  process 
is  to  U-  continued  until  the  ventrides  are  opened  into  from  the  s.ptal  side.  The  su|H-rfu  ial 
fd.res  may  then  U-  shown  to  turn  round  the  <ieep  fibres  at  the  apex  of  the  heart  ;  l.ut  the  further 
divsectionof  them,  and  of  the  deep  fibres,  on  the  inner  surface  of  the  heart  wall  and  in  the  papillar>- 
muscles  is  difVicuIt  and  the  results  are  less  constant,  and  before  it  is  attempted  reference  shouM 

lie  matle  to  th*     lutlmriliis  <  iird  above. 

The  Connecting  Systems  of  the  Heart.  Thf  conncrting  .sy.stcms  '  of 
the  luiirt  arr  tlio.sf  parts  wliii  h  |)rcstrvc  llu-  nuisnilar  continuity  hctwccn  the 
primitive  chambers,  which  olhcrwi.sc  arc  .separated  from  one  another  by  fibrous- 
tissue  structures.  They  are  two  in  numl)er,  and  connect  the  sinus  and  the  atrium 
and  the  atrium  and  the  ventricle  respectively ;  that  part  of  the  bulbus  which  is 
included  in  the  ventricle  is  clothed  with  ventricular  muscle,  so  that  there  is  no 
system  between  these  parts.  The  atrio-ventricular  system  consists  of  a  band  of 
muscle  fibres  with  distinctive  characters  which  eoinniences  in  the  wall  of  the  right 
atrium,  perforates  the  fibrous  tissue  between  the  atria  and  the  ventricles,  and 
terminates  in  a  widely  spread  network  of  fibres,  the  fibres  of  Purkinje,  in  the  walls 
of  the  ventricles  (fig.  54).  It  connects  together  the  mu.sculature  of  the  atrium  and 
that  of  the  ventricles  and,  it  is  believed,  conducts  from  the  atrium  to  the 
ventricles  the  stimulus  which  causes  the  ventricles  to  contract  in  sequence  and 
in  rhythm  with  the  atria;  it  is,  in  .short,  considered  to  be  the  conducting  and 
co-ordinating  mechanism  of  cardiac  contraction. ^  The  sino-atrial  system 
consists  of  a  mass  of  similarly  distinctive  muscle  fibres  which  lies  at  the  junction 
between  the  superior  vena  cava  and  the  right  atrium.  It  is  usually  considered 
to  be  the  place  of  origin  of  the  stimulus  of  contraction,  and  is  often  described 
as  the  initiator}'  mechanism  of  cardiac  contraction  and  the  "  pace-maker  "  of 
the  heart.  These  two  systems,  composed  of  a  specific  musculature  which  is 
(usually)  easily  distinguished  from  the  general  inyocardium,^  have  not  yet 
been  definitely  .shown  to  be  connected  together  by  similar  specific  muscle 
fibres. 

A  muscular  connection  between  the  atrial  and  ventricular  musculatures  was 
fully  described  by  Gaskki.l  in  1883  in  the  heart  of  the  tortoise.  The  connection 
in  the  mammalian  heart,  which  is  inore  limited  and  more  difficult  to  demonstrate, 
was  first  described   by  Kknt  in  1893  in  the  heart  of  the  newborn  rat.*    It   was 


*  The  term  "  connecting  system,"  which  has  been  adopted  here,  is  based,  of  course,  entirely 
on  a  morphological  concept  of  these  strutiures  and  in  complete  disregard  of  all  functional 
int<Tpretations. 

*  This  is  not  the  place  in  which  the  function  of  these  connecting  systems  may  be  discus-sed, 
but  reference  may  be  made  to  the  views  of  M.\CKENZIE  who  considered  that  the  heart  muscle 
contracts  only  in  res|>onse  to  .stimuli  from  them,  that  is,  that  they  are.  for  the  heart  muscle, 
stimulus-protlucing  structures;  he  pro|wsed,  therefore,  that  they  should  U>  named  the  genetic 
system.  These  systems  are  Ulieved  to  be  non-contracting,  but  Cl'RR.AN  has  described  move- 
iniiits  ,.f  the  right  limb  in  the  ox;  whether  the  bundle  is  contractile  or  is  not.  it  may  be  noted 
here,  is  not  to  U*  determined  by  histological  .study  alone  (.see  further,  Eri.anger,  Cadv). 

*  There  are  great  differences  in  the  amount  of  the  distinction  between  the  connecting  muscu- 
lature and  the  myocanlium  in  did'erent  animals ;  in  ungulates  the  distinction  is  ver>-  striking,  in 
the  dog  it  is  slight.     The  meaning  of  these  dilTerences  is  unknown. 

*  The  flesi  riplions  given  by  KENT  include  a  right  lateral  muscular  connection  bridging  over 
the  coronary  sulcus  ;  it  has  not  Iteen  confirmed  as  n  nornial  structure  by  later  work,  though  there 
is  some  evidence  in  clinical  and  experimental   work  that  such  a  connection  exists  (Lewis). 
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more  fully  described  and  was  figured  by  His  (junr.)  in  the  same  year  in  several 
animals,  and  has  since  been  generally  known  as  the  atrio-ventrii  ular  bundle  of 
His.^  His  described  the  band  as  having  "  its  origin  on  the  posterior  wall  of  the 
right  atrium  near  the  atrial  septum  in  the  atrio-ventricular  furrow,"  and  correctly 
defined  its  course  "  anteriorly  on  the  upper  edge  of  the  ventricular  septum  until 
near  the  aorta  it  divides  into  right  and  left  limbs  "  ;  his  description,  however,  of  the 
termination  of  the  left  limb  "  in  the  base  of  the  aortic  cusp  of  the  mitral  valve  " 
is  incorrect. 2  In  1904  Retzer  (in  the  sheep,  pig,  calf,  horse,  dog,  and  man) 
confirmed  the  major  part  of  the  descriptions  of  His  and  made  the  first  diagram 
of  a  dissection  of  the  bundle  in  man ;  and  he  recognised  and  described  the 
fibrous  sheath  which  surrounds  the  bundle  and  isolates  it  from  the  myocardium. 
About  the  same  time  Braunig  also  made  a  confirmatory  study  on  an  extensive 
series  of  mammals.  The  detailed  and  exhaustive  work  of  Tawara,  conducted 
under  Aschoff,  on  which  all  later  researches  are  founded,  appeared  in  1906, 
and  it  was  then  established  (in  the  pig,  sheep,  calf,  cat,  various  rodents,  and 
man)  that  the  atrio-ventricular  bundle  begins  in  the  atrio-ventricular  node 
of  Tawara  in  the  lower  part  of  the  atrial  septum,  and  that  it  terminates  in  the 
widely  spread  network  of  Purkinje  fibres  in  the  walls  of  the  ventricles  ;  and 
the  continuity  of  these  parts  (the  node,  the  bundle,  and  Purkinje  fibres)  being 
established,  the  whole  system  was  defined  as  the  initiatory  and  conducting 
system  {Reisleifmtgssysiem,  Aschoff  and  Tawara)  of  the  cardiac  contraction.^ 
The  atrio-ventricular  system  and  its  connections  are  best  seen,  among  mammals, 
in  the  hearts  of  ungulates,  and  first  studies  of  it  should  be  made  on  the  sheep 
or  the  ox. 

In  1906  Mackenzie  and  Wenckebach,  working  independently,  postulated 
on  clinical  grounds  the  presence  of  a  connecting  mechanism  between  the  sinus 
and  the  atrium,  as  would  indeed  be  expected  from  the  facts  of  comparative 
anatomy ;  and  the  latter  pointed  out  as  its  structural  basis  a  peculiar  system 
of  pale  muscle  fibres  passing  from  the  superior  vena  cava  to  the  right  atrium. 
This  band,  now  usually  known  as  the  bundle  of  Wenckebach,  was 
afterwards  shown  to  belong  to  the  atrial  musculature  and  its  fibres  demonstrated 
to  have  the  same  structure  as  atrial  fibres.  At  a  later  date  Keith  and  Flack 
described  at  the  junction  of  the  superior  cava  and  the  right  atrium  the  node  now 
known  as  the  sino-atrial  node,  the  structure  of  which  resembles  that  of  the  node 
of  Tawara.  The  presence  of  the  node  has  since  been  confirmed  in  a  large  series 
of  mammals. 

No  distinctive  path  between  the  sino-atrial  and  atrio-ventricular  nodes  has 
yet  been  demonstrated,  though  Mine's  work  on  the  conduction  of  the  impulse, 
as  shown  by  electrical  changes  without  form  changes  in  the  atrial  muscle,  suggests 


Tandler,  however,  describes  one  specimen  in  which  he  found  a  muscle  band  which  arose  from 
the  right  atrium,  crossed  the  coronary  sulcus  embedded  in  fat  near  the  posterior  longitudinal 
sulcus,  and  ended  in  the  ventricular  muscle.  ToDD  (in  CowDRY,  "  Special  Histology,"  vol.  ii., 
1928)  has  again  emphasised  the  presence  of  multiple  atrio-ventricular  connections. 

1  It  has  been  held  that  Paladino  described  a  specific  atrio-ventricular  connection  in  1876 
(see  v.  Bardeleben).  A  discussion  of  this  claim  is  to  be  found  in  the  works  of  Retzer, 
Tandler,  De  Gaetani,  and  Paladino  ;    it  would  appear  that  it  has  not  been  established. 

2  Such  a  termination  of  an  aberrant  left  branch  has  been  described  in  abnormal  hearts  (see 
MoRisON./tfwr.  Anat.,  vol.  xlvii.) ;  and  frequently  in  normal  hearts  an  abruptly  ending  process 
can  be  traced  in  this  direction. 

Mt  was  stated  by  De  Gaetani  (1911)  that  the  atrio-ventricular  bundle  is  an  inconstant 
formation  in  man.  In  fifty  human  hearts,  he  says,  he  found  the  bundle  (in  macroscopic  prepara- 
tion) only  in  twenty-two  ;  in  twenty-eight  hearts  he  was  unable  to  demonstrate  it,  DoGlRL 
(1910)  has  expressed  a  similar  opinion.     A  statement  on  this  matter  is  made  below. 
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that  such  a  path  exists.  It  is  assumed,  of  course,  that  the  atrial  muscle  would 
not  conduct  an  impulse  which  could  be  recorded  electrically  without  itself 
contracting.     (Sec  below  for  a  further  statement.) 

The  Atrio-Ventricular  System.  Thi.s  system  may  be  divided,  for  descrip- 
tive |turpo,M>,  iiut)  (<;)  the  airio-ventricular  node  of  Tawara,  {b)  the  atrio- 
ventricular l)undle  of  His,  and  {c)  the  fibres  of  Purkinjk.  The  node  and  the 
bundle  can  be  demonstrated  by  dissection  in  most  formalin-fixed  human  hearts, 
but  not  with  certainty  in  all  ;  fresh  hearts  are  not  so  useful.  The  fibres  of 
I'urkinje  can  lie  revealed  only  by  the  use  of  special  methods  and  require  micro- 
scopic examination  t(i  be  studied. 

{a)  'I'hc  atrio-ventricular  node,  or  node  of  T.vwara,  in  man,  is,  when  it  is 
well  developed,  an  oval  formation  about  6  mm.  in  length,  2  to  3  mm.  in  breadth, 
and  1  mm.  thick.     It  lies  in  the  wall  of  the  right  atrium  within  a  triangle,  the 
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septum. 
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Fig.  .'>4.— a  di.agram  ok  thk  atrio-vkntricjiar  systkm. 

boundaries  of  which  are  thus  defined  by  Koch  (fig.  55) ;  the  caudal  boundary  is 
formed  by  the  attached  edge  of  the  septal  cusp  of  the  tricuspid  valve,  the  cranial 
boundan.'  by  the  tendon  of  Todaro  (see  p.  33),  and  the  posterior  boundary  by 
the  orifice  of  the  coronary  sinus.  In  the  field  thus  defined  the  node  lies  nearer  the 
apical  angle,  that  is  in  the  angle  between  the  tendon  of  Todaro  and  the  cusp 
attachment,  and  parallel  to  the  attached  edge  of  the  cusp.  The  node,  in  this 
position,  lies  immediately  under  the  right  (or  posterior,  see  p.  48)  cusp  of 
the  aortic  valve,  a  relationshij)  which  was  overemphasised  in  the  early  descrip- 
tions. It  is  covered  supcrlicially  by  a  thin  layer  (J  to  1  mm.  thick)  of  vertical 
atrial  mu.scle  fibres,  while  deep  to  it  there  is  the  posterior  part  of  the  trigonum 
fibrosum  dextrum.  In  the  fresh  heart  the  node  can  be  distinguished  from  the 
surrounding  structures  by  its  lighter,  almost  yellowish,  colour.  I'hc  ventricular 
end  of  the  nrxle  gradually  passes  into  the  atrio-ventricular  bundle,  there  l>cing 
no  obvious  boundary  between  the  two.  The  atrial  boundary  is  indefinite  to 
the  naked  eye,  the  node  appearing  to  pass  gradually  into  the  atrial  muscle  in  a 
numlxT  of  prolongations,  one  of  which,  running  laterally  under  the  mouth  of 
the  coronary  sinus,  is  much  larger  than  the  others. 
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The  oval  form  of  the  node  is  sometimes  not  very  obvious,  and  the  atrio-ventricular  bundle 
may  then  appear  to  begin  as  a  beaded  band,  as  indeed  the  node  was  fij^ured  by  Kkith  and  Flack  ; 
it  certainly  varies  considerably  in  its  size.  It  is  much  better  developed  and  ai>parently  more  con- 
stant in  its  form  and  size  in  the  hearts  of  the  larger  ungulates,  but  in  the  sheep  heart  it  is  not 
to  be  defined  from  the  bundle  by  the  naked  eye. 

There  has  been,  and  there  is,  it  should  be  stated,  a  considerable  amount  of  sujjport  for  the 
view  that  the  node  and  the  field  of  the  right  atrium  in  which  it  lies  are  derivatives  of  the  sinus ; 
and,  further,  that  the  node  represents  a  left  sinus  derivative  and  that  the  sino-atrial  node  is  the 
corresponding  right  sinus  derivative  (see  p.  96).  KoCH  seems  to  have  been  the  first  to  express 
this  view,  and  he  has  been  supported  in  it,  in  whole  or  in  part,  by  Retzer,  De  Witt,  and 
I.  Mackenzie;  Retzer,  indeed,  has  named  the  bundle  the  sino-ventricular  bundle,  believing 
that  it  passes  from  the  sinus  to  the  ventricle.  On  strictly  embryological  grounds  this  view,  so 
far  as  it  relates  to  the  atrial  wall,  cannot  be  confirmed,  as  has  already  been  stated  in  the  account 
of  the  development  of  these  parts  (p.  41) ;  but  for  a  further  discussion  see  the  "  Comparative 
Anatomy  of  the  Connecting  System.'' 


Tendon  of  Todaro.  ^ 
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Fig.  55. -Dissection  of  the  .\trio-ventricular  node  and  the  right  limb  of  the  atrio- 
ventricular bundle. 
The  septal  cusp  of  the  tricuspid  valve  is  partly  cut  away,  and  above  it  the  main  stem  of  the 
bundle  is  seen  at  the  lower  margin  of  the  septum  membranaceum. 

{b)  The  atrio-ventricular  bundle,  or  bundle  of  His  (fig.  54),  consists  of  a 
short  stem,  the  crus  commune,  which  passes  from  the  node  into  the  ventricular 
septum  and  there  divides  into  right  and  left  limbs  for  the  right  and  left  ventricles. 

The  Stem  of  the  bundle  (fig.  55)  arises  from  the  ventricular  end  of  the  atrio- 
ventricular node,  and  passes  almost  at  once  into  the  posterior  part  of  the  trigonum 
fibrosum  dextrum  (fig.  46),  in  the  substance  of  which  it  lies  surrounded  by  its  own 
sheath  (see  below).  It  runs  anteriorly  in  the  trigone  to  the  posterior  end  ot  the 
attachment  of  the  septum  membranaceum  (fig.  45  and  p.  68),  and  gams  there 
a  position  on  the  summit  of  the  muscular  part  of  the  ventricular  septum.  Kidmg 
on  the  muscular  septum,  it  continues  its  course  along  the  posterior  circumference 
of  the  membranous  septum  and  opposite  its  inferior  circumference  divides  into 
two  limbs.    The  length  of  the  stem  is  generally  about  1  cm.  (11  mm.,  De  Witt, 

6 

VOL.  IV.       PART  III. 


82  THE  STRUCTl'RE  OF  THE  HEART 

4  to  11  nun.,  Pk  (iAKTANi),  but  is  dirticult  to  determine  owin^  to  the  want  of 
dnnarration  between  it  and  the  node.  It  is  variable  in  its  form,  in  some  hearts 
being  a  flattened  band  and  in  others  a  rounded  cord  ;  its  breadth  and  thickness, 
therefore,  arc  variable,  and  it  may  l)e  from  1-5  to  1  mm.  broad  and  from  -5  to 
1  -r*  mm.  thick. 

The  stem  of  ihr  laindic  was  the  first  part  described  l,y  His,  l>ut  it  is  of  interest  to  note  that 
it  is  acruratcly  fipiired  at  its  place  of  division,  without  beinR  named  or  its  significance  rccogni.scd, 
by  Hrni.R  in  fig.  23.  "  Handl>iich  der  Gcfasslchre  "  (1876).  It  was  first  figured  macroscopicaliy 
by  Rktzkr,  and  has  since  Inen  figured  l.y  Hoi.I.,  KEITH,  CrRRAS,  Tandi.KR,  Df.  Gakta.vi, 
Dk  Witt  who  has  nio<lelled  it  X'krmf.s,  ;ind  others.  It  should  l>c  noted  in  these  figures 
that  it  docs  not  lie  exactly  on  the  .summit  of  the  .septum  carneum,  but  definitely  a  little  on  the 
right  side  ;  so  that  it  is  cover<<l  by  a  thinner  layer  on  the  right  than  on  the  left  side.  The  iK-st 
view  of  the  ilivision  of  the  stem  into  its  two  limbs  is  obtained  if  the  atria  \>c  removed  and  the 
aorta  and  the  atrio-ventricular  cusps  di.ssectcd  away  until  the  septum  mcmbranaceum  is  well 
exposed  ;  this  septum  is  then  cut  away  and  the  bundle  is  exposed  from  al)Ove.  The  stem 
may  pass  round  the  right  edge  of  the  trigonum  instead  of  piercing  it,  in  which  ca.sc  it  pierces 
the  place  of  insertion  of  the  septal  cusp  of  the  tricuspid  valve.  In  the  ungulate  heart  it  lies  in  u 
groove  on  the  right  surface  of  the  os  cordis. 

Th(  right  limb  lies  in  the  same  sagittal  plane  as  the  stem  and  is  the  more 
direct  continuation  of  it.  It  descends,  more  or  less  close  to  the  surface,  on  the 
right  side  of  the  ventricular  septum  and,  as  a  rounded  or  triangular  bundle 
1  to  2  mm.  thick,  or  sometimes  as  a  flattened  band,  it  may  be  followed 
to  the  .septal  origin  of  the  trabecula  scpto-marginalis  (moderator  band).  It  then 
enters  this  band  and  crosses  the  cavity  of  the  ventricle  in  it,  and  may  usually  be 
traced  to  the  ba.se  of  the  anterior  papillary  mu.scle  (fig.  55),  where  it  passes  into 
its  terminal  branches. 

In  macroscopic  preparations  there  arc  great  individual  diflfcrcnces  in  the  distal  end  of  the 
right  limb,  that  is  in  the  manner  and  position  of  its  passage  into  its  terminal  ramification;  but 
as  stated  above  it  can  usually  be  followed  in  the  moderator  liand  to  the  ba.se  of  the  anterior 
papillar.'  muscle.  But  it  must  also  be  .stated,  as  has  already  been  done  by  De  (iAETANi  and 
Dof'.iKi.,  that  in  .some  liearts  the  right  limb  of  the  bundle  cannot  be  displayed  in  the  septum  ; 
and  that  sometimes  even  microscopic  examination  fails  to  reveal  any  tract  of  specific  muscle  with 
a  sheath  in  the  usual  position.  It  must  be  concluded,  therefore,  that  in  some  instances  the 
right  limb  assumes  the  characters  of  the  normal  myocardium  soon  after  it  has  left  the 
main  stem  (see  fuller.  Keitii  and  CiRR.VN),  or  that  there  is  a  very  early  scattering  of  the  fibres 
which  are  normally  grouped  together  to  form  the  liml).  Its  course  from  its  origin  to  the  moderator 
band  is  as  follows.  It  runs  at  first  along  the  lower  circumference  of  the  sejitum  mcmbranaceum, 
continuing  the  course  of  the  stem,  and  is  covered  here  l>y  .some  of  the  muscle  fibres  inserted  into 
the  septum.  It  then  turns  downwards  into  the  muscular  septum,  and.  as  it  turns,  it  lies 
immediately  l»eneath  the  endocardium  in  the  lower  anterior  boundary  between  the  membranous 
septum  and  ihv  muscle;  the  length  of  the  subendocardial  part  is  variable,  but  the  recognition 
of  it,s  position  is  important  for  it  is  the  most  suitable  part  of  the  limb  to  expose  first  in  a  macro- 
vcopic  demonstration.  More  or  less  de<'ply  embedded  in  the  septum,  the  right  limb  now  runs 
to  the  base  of  the  medial  papillary  muscle  of  the  septum.  This  muscle,  as  already  stated  (p.  !>4), 
is  variable  in  its  size,  and  sometimes  is  so  slightly  developed  that  the  chorda:  tendinca;  arise 
directly  from  a  tendinous  expansion  ;  the  bundle  lies  directly  under  this  area.  If  the  papillarj- 
mu.sclc  is  well  developed  the  bundle  gives  off  a  branch  which  runs  into  it  (Ung.\R).  From  this 
(xisition  the  right  limb  runs  to  the  origin  of  the  moderator  band,  more  or  less  along  the  boundary 
l>ctween  the  "  inflowing  "  and  "  outflowing  "  parts  of  the  ventricle:  it  gradually  l>ecomes 
more  superficial  and  its  lower  part  can  usually  l>e  seen  through  the  endocardium.  In  the 
motlerator  band  it  lies  on  the  surface.  In  some  animals  {r.g.,  the  tapir,  Tandler)  the  moderator 
l>jind  consists  only  of  the  end  of  the  right  limb  ;  this  condition  is  .sometimes  closely  approximated 
in  man  (\V,M  msi  py). 

The  left  limb  is  a  broad  thin  band.  Its  fibres  ari.se  in  successive  groups 
from  the  main  stetn  and  pass  to  the  left  from  it  at  acute  angles  ;  and  they  form 
a  relatively  loose  structure  in  which,  not  infrequently,  there  are  longitudinal 
clefts.     The  band  appears  in  the   "outflowing  "  part  of  the  left  ventricle,  at 
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the  upper  border  of  the  septum  carneum  and  just  below  the  anterior  part  of  the 
attached  margin  of  the  right  cusp  of  the  aortic  valve  (fig.  56) ;  there  is  very  little 
variation  in  this  position  of  emergence.  It  lies  immediately  below  the  endo- 
cardium, through  which  it  can  be  seen  ;  but  it  is  so  thin  (being  only  a  fraction 
ot  a  milhmctrc  in  thickness)  that  it  is  difficult  to  rai.se  from  its  bed  and  to  define 
from  the  neighbouring  parts.  It  runs  downwards,  and  slightly  forwards,  towards 
the  apex  of  the  ventricle,  and  after  a  shorter  or  longer  course,  but  usually  in  the 
middle  third  of  the  septum,  it  divides  into  two  branches  of  about  equal  size. 
The  anterior  branch  turns  sharply  forwards  across  the  smooth  "  outflowing  " 
part  of  the  septum,  and  reaching  the  trabecular  on  the  medial  side  of  the  anterior 
papillary  muscle,  it  passes  in  these  trabecuhe  to  the  base  of  this  muscle.  The 
posterior  branch  continues  downwards  in  the  line  of  the  main  limb  (fig.  56)  and,  in 
the  trabeculse  on  the  medial  side  of  its  base,  reaches  the  posterior  papillary  muscle. 


Septum 
membranaceutn . 


Fig.  56.— -Dissection  to  show  the  left  limb  of  the  atrio-ventricular  bundle. 

A.,  aorta;    P. A.,  pulmonary  artery. 


It  has  been  frequently  pointed  out  (Monckeberg,  Nagayo,  Holl),  and  has  already  been 
mentioned  (p.  27),  that  opaque  interlacing  streaks  are  to  be  seen  in  the  endocardium  at  many 
parts  of  the  left  ventricle,  especially  in  its  "  outflowing  "  part  where  there  is  a  considerable 
amount  of  smooth  endocardial  muscle  (see  p.  27).  These  streaks  are  liable  to  be  mistaken 
for  ramifications  of  the  left  limb,  but  as  they  are  endocardial  structures,  and  are  removed  with 
it,  they  can  be  distinguished  by  careful  examination  and  a  knowledge  of  their  structure.  The 
branches  of  the  bundle  are  most  easily  detected  in  the  lower  third  of  the  septum ;  in  the 
upper  third  some  experience  is  needed  accurately  to  define  the  parent  limb.  In  the  region  of 
the  trabeculae  to  which  they  pass,  the  branches  divide  into  separate  anastomosing  bundles.  Some 
of  these  bundles,  forming  the  so-called  "  false  tendons,"  pass  across  the  cavity  of  the  ventricle 
to  the  base  of  the  papillary  muscles;  in  some  animals  (the  tapir,  Tandler)  the  two  branches 
of  the  limb  behave  in  this  way,  that  is,  they  run  as  free  bands  through  the  cavity  of  the  ventricle. 
The  false  tendons  are  described  on  p.  47. 

The  place  of  division  of  the  posterior  limb  is,  as  is  stated  above,  subject  to  variation ;  some- 
times it  is  so  high  on  the  septum  that  there  is  only  a  very  short  main  limb.  Sometimes  the  limb 
divides  into  three  branches,  the  third  branch  being  a  middle  one  between  the  anterior  and 
posterior  bninches. 


8i 
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Histology  of  the  Atrio-Ventricular  System.  The  atrio-vcntricular  node  and  bundle 
arc  readily  distint^uihlu-d  from  the  surrcnindin^;  myorardium  in  almost  all  modes  of  staining  by 
their  li(;hter  colour,  that  is,  their  nuisele  fibres  arc  stained  less  intensely  with  the  myosin  stain  ; 

Atyocaniium. 

J,. 


/Cn'ht  limh 


Endoiariiiu" 


->        , 


Right  limb. 

Fir,.  57.\.— Tin;  right  li.mb  of  thk  atrio-vf,ntricul.\r  bi'ndie  of  tiik  human  iir.AkT. 

(Microphotograph . ) 


Endocardium . 


Myocardium. 


Iir,      .'iTli        A     111   VI. 1  1      <>|      I'lRKINJK     FIHRKS    FROM    TIIK     RK.IIT    VKNTRU  KF    i)F    TIIK     .SHKKI'. 

(M  iiTophotopraph . ) 
The  large  size  of  the  fibres  and  the  sheath  round  the  bundle  are  well  shown. 

and  in  \'an  CJicson  preparations  it  is  also  shown  that  these  parts  arc  separated  from  ihe  other 
musculature  by  a  thick  layer  of  fibrous  tissue  which  forms  a  distinct  sheath  for  the  bundle  and 
its  liranchcs,  but  surrounds  and  pcr>ades  the  node  as  a  reticulum. 

The  arrangement  of  the  mu.scle  fibres  in  the  node  was  succinctly  described  by  Tawara  as 
an  entanglement ;     the  .separate  bundles  are  richly  commingled  and  change  their  course  so 
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Irequently  that  it  is  impossible  to  obtain  more  than  a  short  len^tli  of  them  in  sections.  The  til^res 
are  smaller  than  those  of"  the  myocardium.  They  are  rich  in  protoplasm;  the  nuclei,  relatively 
large  in  number  and  oval  in  shape  as  a  rule  and  thus  differing  from  the  rod-like  nuclei  of  the 
myocardial  fibres,  lie  in  the  centre  of  the  fibres,  though  border  nuclei  may  be  .seen  ;  longitudinal 
striation  is  distinct  but  sparse,  the  fibrils  being  small  in  number  and  confined  in  position  to 
the  peripheral  parts  of  the  fibres  ;  and  transverse  striation  is  at  the  best  necessarily  insignificant. 
The  contour  of  the  fibres  is  irregular,  that  is,  they  increase  and  diminish  in  their  transverse 
diameter.  Cell  boundaries,  as  distinct  from  the  cement  lines  {Killlinien)  of  the  myocardial 
fibres,  have  been  described  by  Tawara  and  MoNCKEBKRG,  but  De  Witt  describes  the  formation 
to  be  a  syncytial  one,  several  fibres  fusing  in  star-like  formations.  In  the  sheep  direct  continuity 
is  readily  shown  between  the  fibres  of  the  node  and  those  of  the  bundle;  from  the  atrial  end  of 
the  node  a  similar  continuity  with  the  atrial  fibres  cannot  be  certainly  established,  the  appearances 
lieing  a  gradual  fading  of  the  nodal  tissue  into,  and  a  replacement  of  it  by,  the  usual  atrial  fibre 
formation  (see  Curran).  The  muscle  fibres  are  embedded  in  the  fibrous  basis,  in  which  also 
there  are  numerous  nerve  fibres  (p.  87j.     There  is  a  good  blood  sup])]y  to  the  node. 

In  the  stem  and  the  limbs 
of  the  btindle  the  fibres  are 
more  parallel,  and  form  groups 
surrounded  and  separated  from 
one  another  by  fibrous-tissue 
.sheaths  (see  below).  In  the 
ungulate  heart  the  fibres  are 
very  much  larger  than  the  fibres 
of  the  myocardium ;  they  are 
ten  to  twenty  times  longer,  and 
in  cross  section  the  area  may 
be  fifty  times  greater  (fig.  57). 
In  the  human  heart  they  are 
smaller  or  very  little  larger 
than  the  myocardial  fibres ;  and 
observations  in  other  forms  (cat, 
dog,  mouse,  guinea-pig)  confirm 
the  wide  variation  there  is  in 
the  size  of  these  fibres.  In  all 
forms,  however,  the  fibres  are  of 
the  same  category,  and  have  a 
structure  essentially  similar  to 
that  described  above  for  those 
of  the  node  ;  this  similarity  has 
led  Todd  to  the  conclusion  that 
no  special  nodal  tissue  exists. 
It  may  be  established  in  the 
sheep  that  the  fibres  branch  and 
anastomose    like    those    of    the 


Fig.  58.— a  bundle  of  purkinje  fibres  from  the 
RIGHT  ventricle  OF  THE  HEN.      (Microphotograph.) 


myocardium.     Towards  the  ter- 
mination of  the   limbs  th'e  fibres  are  more  like  those  of  the  ventricular  muscle  and  in  man 
more  difficult  to  distinguish.     Nerve  fibres  accompany  the  muscle  fibres  (see  p.  87). 


are 


{c)  The  Purkinje  fibres  are  large  muscle  fibres  of  the  same  distinctive  kind 
as  those  of  the  bundle  which  lie  under  the  endocardium,  in  a  network  formation, 
over  most  parts  of  the  walls  of  the  ventricles,  and  also,  at  places,  penetrate  the 
wall  for  half  its  thickness  ;  they  have  not  been  found  in  the  outer  part  of  the  wall 
nor  under  the  epicardium.i  They  may  be  grouped  together  in  bundles  or  may 
be  found  singly.  They  are  now  recognised  to  be  the  terminal  ramifications  of 
the  limbs  of  the  atrio-ventricular  bundle,  though  the  limbs  themselves  have  not 
yet  been  followed  to  all  the  parts  where  they  exist ;  and  they  are  considered, 
therefore,  to  be  part  of  the  connecting  mechanism.  The  fibres  are  much  larger, 
more  numerous,  and  more  distinctive  in  some  forms  than  in  others,  and  are 
best  studied  in  the  sheep  and  the  ox  ;    in  man  they  are  less  different  from  the 


1  It  has  been  suggested  that  they  are  to  be  found  under  the  epicardium  in  the  rabbit. 
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invcH-ardial  librcs.  (I'or  an  accouni  of  the  tcihniquf  of  preparation  and  details 
of  5»t  run  lire,  sec  T(n>D  in  "  Special  Histology,"  Cowdry,  1928.) 

The  Purkinjc  fibres  were  first  described  by  Pirkinje  in  1845  in  the  sheep  as  "  a  network 
of  K*"*^"  Kelatinous  fibres,"  untl  have  since  Inrcn  well  recognised  structures  of  the  heart;  but 
'  ivc  l>Ofn  ver)'  many  interpretations  of  their  nature  and  significance.  In  microscopical 
1  ition  they  arc  readily  distinguished  from  ventricular  muscle  by  their  larger  size  and 

lighter  colour  in  stained  sections  (fig.  69).  A  transverse  section  of  a  bundle  of  them  appears, 
under  low  magnification,  as  a  honeycomb  formation,  in  the  meshes  of  which  are  the  large 
circular  nuclei  surrounded  by  a  specially  light  zone.  Under  high  magnification  the  fibres  are 
seen  to  l>e  rich  in  protoplasm;  to  pos.sess  ver)-  fine  longitudinal  fibrils,  which  arc  confined, 
however,  to  the  peripheral  parts  and  to  be  quite  absent  from  the  middle  parts  of  the  cell  though 
(in  the  sheep)  they  may  pass  obliquely  through  it;  and  to  have  a  large  deeply  staining  oval 
nucleus  in  the  central  position  surrounded  by  a  clearer  zone.  Transverse  striation  is  indistinct. 
There  are  appearances  of  cell  l»oundaries,  but  a  much  more  definite  feature  is  that  of  irregular 
constrictions  of  the  fibres  along  their  length;  and,  as  a  rule,  between  each  two  constrictions  a 
nucleus  is  to  lie  found.  The  fibres  anastomose  with  one  another  at  their  ends.  Different  kinds 
of  fibres  have  been  descril>ed,  the  extreme  types  being  rod  like  and  sheet-like  forms.  (Sec 
Ti  l-TS,  ^}na/.  Record,  vol.  xxii. ;  Johnstone,  ibid.,  vol.  xxiv. ;  Van  der  Stricht  and  ToDD, 
Johns  Hopkins  Hasp.  Reports,  vol.  xix.) 

Purkinje  fibres  are  present  in  the  heart  of  the  young  animal  and  child  in  much  the  same 
form  and  size  as  in  the  adult.  The  view,  which  was  widely  held  until  the  works  of  Tawara  and 
ASCHOFF  appeared,  that  they  represent  immature  myocardial  fibres  or  fibres  arrested  in  develop- 
ment, has  not  Iccn  discussed.     They  are  of  the  same  category  as  those  of  the  node  and  the  bundle. 

The  Sheath  of  the  Atrio- Ventricular  Bundle.— In  its  whole  length  the 
atrioventricular  Ijundle  (the  common  stem  and  the  right  and  left  limbs)  i.s 
surrounded  by  a  fibrous-tissue  sheath  of  consiiderable  thickness  which  separates 
it  and  isolates  it  from  the  myocardium  ;  and  this  sheath  is  continued  as  a  delicate 
investment  round  the  Purkinje  fibres  up  to  their  transition  into  the  cardiac 
muscle  fibres.^  It  is  very  plainly  seen  in  sections  stained  with  Van  Gieson  stain, 
which  demonstrates  it  to  be  a  thick  covering  of  the  bundle  as  a  whole  and  finer 
investments  of  groups  of  its  fibres.  Curran  has  stated  that  the  sheath  is  really 
the  wall  of  a  mucous  bursa,  containing  a  fluid  similar  to  lymph  but  more  viscid  ; 
the  result  being  that  on  contraction  of  the  surrounding  myocardium  the  non- 
contractile  bundle  will  be  protected  from  pressure.  This,  however,  has  been  con- 
tradicted by  Lhamo.n  and  is  not  supported  by  Tandler  ;  yet,  in  the  sheep,  a  space 
is  often  to  be  seen  between  the  fibres  and  the  sheath,  and  in  places  a  lining  of  very 
flat  cells  can  be  defined  (Holmes),  but  such  a  space  is  not  to  be  seen  in  the  human 
heart .  The  presence  of  the  sheath  round  it  allows  the  bundle  to  be  followed  through 
the  trigonum  fibrosum  de.xlrum,  and  j)ermits  injections  of  it  to  be  made  (p.  88). 

Vessels  of  the  Atrio-Ventricular  System.  Fhc  atrioventricular  system 
is  not  so  well  supplietl  with  blood  vessels  as  the  cardiac  muscle  (Johnstone, 
Anat.  Record,  vol.  xxiv.),  yet  it  is  accompanied  by  several  relatively  large 
arteries  which  are  definite  branches  of  the  coronary  trunk  within  whose  area  of 
distribution  (p.  102)  the  .system  in  its  course  is  placed.  These  branches,  accord- 
ing to  Haas,  show  relatively  little  variation,  but  the  most  recent  work  (Vischia, 
Pace,  ("ami'BI  i.i.)  tends  to  emphasise  a  variability  of  the  supply  of  the  main 
stem  and  the  upper  parts  of  the  limbs.  The  greater  part  of  the  bundle  lies  in  the 
territory  of  the  right  coronary  artery  (p.  102)  and  is  supplied  by  the  following 
branches  from  it  (Haas):  (1)  A  branch,  r.  .septi  fibrosi,  which  runs  forwards 
from  the  back  of  the  heart  between  the  atria  and,  after  piercing  the  back  part  of 
the  trigonum  fibrosum  dcxtrum,  passes  along  the  upper  edge  of  the  ventricular 
septum  ;  it  gives  branches  to  the  node  and  to  the  main  stem  as  far  as  its  division. 
(2)  A   branch,    r.   scptl   ventriculorum   superior,    which   ramifies   in   the   upper 

'   It  has  been  specially  descriljcd  by  Tawara,   His,  MoNCKF.BF.Rr..  Kfitii.  Holi..  Fahr. 
Curran,  and  Liiamon,  in  a  large  series  of  lower  mammals  and  in  man 
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posterior  part  of  the  septum  and  supplies  the  posterior  branch  of  the  left  limb. 
The  anterior  branch  of  the  left  limb  lies  in  the  territory  of  the  left  coronary 
artery  and  is  supplied  by  it.  The  right  limb  lies  in  that  part  of  the  septum 
which  is  supplied  by  both  coronary  arteries  ;  it  receives,  therefore,  branches  from 
in  front  and  behind.  One  branch  is  to  be  found,  often  by  naked-eye  dissection, 
passing  from  the  septum  with  the  right  limb  in  the  moderator  band  ;  it  is  usually 
a  branch  of  the  left  coronary  artery.     (For  a  full  description  of  it,  see  Mouchkt.) 

Nerves  of  the  Atrio-Ventricular  System.— The  nerves  of  the  atrio- 
ventricular system  have  been  studied  chiefly  in  the  hearts  of  ungulate  animals, 
for  in  the  ruminants,  and  especially  in  the  calf,  they  are  extremely  numerous 
and  large.  The  methylene-blue  method  is  that  by  which  the  most  satisfactory 
results  are  obtained,  and,  therefore,  fresh  material  is  necessary.  Engel,  Wilson, 
and  De  Witt  have  described  the  presence  of  rich  leashes  of  non-medullated 
fibres  (and  Engel  also  of  medullated  fibres)  and  numerous  ganglion  cells  in  the 
ruminants.  The  fibres  come  partly  from  the  node  and  partly  from  ganglia  on 
the  posterior  surface  of  the  heart;  they  lose  their  medullary  sheath  and  "  join  a 
complicated  network  of  fine  varicose  fibres  lying  round  individual  cells  and  groups 
of  cells  "  (Wilson).  They  may  be  followed  to  the  terminal  ramifications  of  the 
bundle  and  to  the  Purkinje  system,  but  no  definite  end-organs  have  yet  been 
described.  The  innervation  of  the  node  has  been  specially  studied  by  Morison 
and  Meiklejohn  ;  nerves  enter  it  from  the  ganglia  lying  on  the  back  of  the  heart 
through  the  interatrial  septum  and  break  into  small  branches  and  these  into  single 
fibrils  which  ramify  round  the  muscle  cells.  Engel,  Oppenheimer,  Meiklejohn, 
and  Morison  have  described  a  non-medullated  fibre  system  in  the  main  stem  and 
left  limb  of  the  bundle  in  the  human  heart,  which  is,  however,  much  finer  and  more 
difficult  to  demonstrate  than  in  the  ungulate  ;  but,  according  to  Morison,  "enough 
was  found  to  justify  the  belief  that  the  elements  of  these  parts  were  innervated, 
though  the  innervation  was  rather  of  the  type  of  vasomotor  innervation."  The 
amount  of  innervation  of  the  node  and  bundle  which  can  be  demonstrated  varies 
in  different  animals. 

Exposure  of  the  Atrio-Ventricular  Bundle.— The  commencement  of 
the  right  limb  of  the  bundle  is  the  part  most  easily  exposed ;  this  may  be  done 
by  the  following  dissection.  The  septal  cusp  of  the  tricuspid  valve  is  to  be 
removed,  and  any  chordae  tendineae  of  the  third  order  (p.  46)  which  may  be 
present  are  to  be  cut  away.  The  right  surface  of  the  septum  membranaceum  is 
thus  exposed,  and  it  will  be  seen  that  the  posterior  circumference  of  this  septum 
is  bounded  by  a  flattened  arched  band  of  muscle  open  upwards  and  forwards. 
The  endocardium  is  to  be  removed  over  this  area  so  that  the  borders  of  the  septum 
and  the  musculature  are  defined,  and  there  will  be  exposed  the  short  sub- 
endocardial part  of  the  right  limb  lying  on  the  muscle  and  in  both  directions 
passing  under  cover  of  its  superficial  fibres  (p.  82).  The  limb  may  now  be 
followed  proximally  to  the  main  stem,  and  this  to  the  trigonum  fibrosum  dextrum 
by  cutting  through  the  covering  muscle.  The  substance  of  the  trigonum  is  then 
cautiously  split  along  the  bundle  until  the  insertion  of  the  vertical  atrial  muscu- 
lature into  it  is  exposed ;  and,  if  this  is  carefully  removed,  the  atrio- ventricular 
node  will  be  displayed.  The  distal  part  of  the  right  limb  is  relatively  easy  to 
follow  along  the  septum;  only  under  the  macula  tendinea  septi  (p.  54)  is  any 
difficulty  likely  to  be  experienced.  The  division  of  the  main  stem  can  be  demon- 
strated by  removing  the  septum  membranaceum,  the  anterior  part  of  the  atrial 
septum,  and  a  part  of  the  aorta  ;  and  in  this  way  the  commencement  of  the  left 
limb  may  be  defined.  The  left  limb  may  also  be  sought,  as  it  appears  in  the  left 
ventricle,  in  the  angle  between  the  anterior  part  of  the  attached  border  of  the 
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rijjhl  (|)ostcrior)  rusp  (p.  4H)  of  the  aortic  valve  and  the  upper  edge  of  the  septum 
carneum,  by  nirefully  separating  the  endocardium;  further  down  very  careful 
preparation  is  required  as  strong;  traction  will  separate  the  band  with  the 
cndoiartlium. 

The  bundle  and  its  ramifications  can  be  very  satisfactorily  displayed  in  the 
ox,  sheep,  and  horse  by  injecting  its  sheath  with  Indian  ink;  the  ink  remains 
within  the  sheath  and  is  distributed  along  the  branches  of  the  bundle  even  to 
their  terminal  network  ramification.  The  technique  is  fully  described  by 
A/\GAARi>  and  H.M.I..  Kinc;.  and  Lhamon.  It  has  not  yet  been  found  possible 
satisfactorily  to  inject  in  this  way  the  systems  in  man  and  the  dog. 

The  attem|)t  has  also  been  made  to  demonstrate  the  terminal  network  by 
injecting  the  heart  with,  or  immersing  it  in,  such  substances  as  will  combine 
with  the  high  glycogen  content  of  these  parts  in  the  fresh  heart  and  diflFcrentiate 
them  from  the  surrounding  musculature.  The  most  successful  results  have 
been  obtained  by  the  use  of  iodine.  The  hearts  are  obtained  as  fresh  as  possible 
and,  the  atria  and  the  ventricles  having  been  opened,  they  are  immersed  in 
Lugol's  solution;  in  about  ten  minutes  the  Purkinje  .system  appears  as  dark 
brown  lines  (Ungar).  The  colour  deepens  for  two  or  three  hours,  but  begins  to 
fade  in  eight  or  ten  days  and  gradually  disappears.  By  this  method  the  fibres 
have  been  demonstrated  in  the  ox,  sheep,  and  horse,  but  so  far  it  has  not  been 
successfully  employed  in  the  human  heart ;  this  may  be  on  account  of  the  difiUculty 
there  is  in  obtaining  the  heart  in  a  fresh  enough  condition,  but  it  is  also  to  be 
remembered  that  the  glycogen  content  is  smaller  in  man  ^  than  in  the  ungulates. 
The  method,  however,  has  been  successful  in  the  dog,  in  which  the  glycogen 
content  of  the  fibres  is  believed  closely  to  approach  that  of  man.  (The  glycogen 
content  of  the  different  parts  of  the  system  has  been  studied  in  several  forms  by 
Naoavo  (working  under  Aschoff),  Monckeberg,  and  others.) 

The  Sino-Atrial  System. — The  sino-atrial  system,  which  is  usually  known 
as  the  sinus  node  or  the  node  of  Keith  and  Flack  {Get.,  node  of  Koch),  lies  in 
front  of  the  lateral  part  of  the  superior  vena  cava  in  the  upper  part  of  the  sulcus 
terminalis  of  the  right  atrium,  that  is,  in  the  boundary  between  the  sinus  and 
atrial  parts  of  that  chamber. ^  It  is  placed  comparatively  superficially,  being 
covered  only  by  the  epicardium  and  the  subepicardial  fat  (fig.  59) ;  there  is 
usually  a  small  definite  mass  of  fat  in  this  position.  The  sinus  node  has  the 
form  of  a  spindle,  the  upper  part  of  which  is  enlarged  ;  it  has  an  average  length 
of  2  cms.,  its  greatest  breadth  is  about  3  mm.,  and  its  thickness  about  1  mm. 
It  gives  off  from  all  along  its  length  (\nc  processes  which,  however,  cannot  be 
followed  by  dissection  for  any  distance  into  the  surrounding  mu.scle  ;  the  processes 
from  'the  upper  part  extend  on  to  the  anterior  and  lateral  walls  of  the  superior 
cava  and  mingle  there  with  the  spiral  musculature  round  its  termination.  The 
narrow  lower  end  of  the  node  passes  under  a  mu.scle  band  of  varying  size  whic^h 
springs  from  the  posterior  wall  of  the  superior  cava.  This  band,  usually  known 
as  the  bundle  of  Wknckebach,'  bridges  over  the  sulcus  terminalis  and  joins 
the  mu.scle  bands  of  the  musculi  pectinati  ;  histologically  it  has  the  structure 
of  atrial  muscle.  The  no<le  is  usually  easily  distinguished  from  the  atrial 
musculature  by  its  lighter  colour  and  its  greater  density,  due  to  the  larger  amount 


*  The  glycogen  content  in  man  is  apparently  variable,  and  is  diminished  in  atrophic  and 
cachectic  conditions. 

•  That  the  notlc  liis  on  the  .sinus  side  nl  tlic  lioumlary,  as  determined  \>y  the  position  of  the 
venous  vaive.s,  was  demonstrated  by  Oppknheimkr, 

'  It  wa.s  this  band  which  was  described  by  Wenckebach  as  the  specific  sino-atrial  connecting 
muscle  (see  p.  7!M. 
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of  fibrous  tissue  it  contains.  The  node  can  ihu.s  be  more  or  less  isolated  from 
the  surrounding  tissue.  A  small  artery  will  be  found  in  its  substance,  givint,' 
branches  to  it,  along  its  whole  length. 

Histology  of  the  Sino-Atrial  Node.^The  node  dcsrrii.cd  hy  Kf.itii  :ind  Fi  ack  his  .since 
been  studied  by  KocH,  Thorel,  Oppeniikimer,  Ungar,  Burian,  and  others  and  though 
there  are  differences  in  the  details,  especially  in  the  descriptions  of  the  comparative  micrcscopic 
anatomy  of  the  node,  the  main  facts  of  the  original  description  are  now  well  established  The 
discoverers  of  the  node  described  it  as  a  network  of  fibres,  the  ultimate  .structure  of  which  it  is 
difficult  to  determine  on  account  of  their  free  interlacement,  only  short  lengths  of  the  individual 
fibres  being  seen  in  sections,  that  is,  the  fibres  do  not  form  groups  of  uniform  direction  (fig.  60) 
The  fibres  in  general  are  smaller  in  diameter  than  the  atrial  muscle  fibres.  They  are  yellow 
in  sections  stained  by  Van  Gieson  stain,  and  are  then  seen  to  be  embedded  in  a  thick  interlacing 
fibrous   tissue   of  relatively   greater  amount   than    in   the   atrio-vcntricular   node;     and   the   two 


Sup.  vena  cava.  ^ 


Bundle  of 
Wenckebach . 


Inf.  vena  cava    .-' 


Sino-atrial  node. 


Fig.  59.— a  dissection  exposing  the  sino-atri.a.l  node. 


elements,  muscle  fibres  and  fibrous  tissue,  are  arranged  round  the  large  artery  which  passes 
through  the  substance  of  the  node.  Transverse  striation  of  the  muscle  fibres  has  not  yet  been 
certainly  demonstrated,  though  BuRlAN  has  figured  and  described  such  in  the  human  heart, 
but  fine  longitudinal  striation  of  the  peripheral  parts  can  generally  be  seen ;  the  central  parts 
of  the  fibres  are  much  lighter  in  colour  than  the  peripheral  parts  and  contain  the  nuclei  which 
are  oval  or  round.  Direct  continuity  of  nodal  and  atrial-muscle  fibres  has  not  been  established, 
but  there  is  no  definite  boundary  of  the  node ;  the  fibro-muscular  area  which  it  forms  gradually 
fades  into  the  surrounding  myocardium. 

Vessels  and  Nerves  of  the  Sino-Atrial  Node. — The  rich  vascular  supply  of  the  node 
was  pointed  out  by  Keith  and  Flack  and  later  was  specially  described  by  Koch.  The  artery 
which  passes  through  the  substance  of  the  node  arises  from  an  anastomoses  (circulus  arteriosus 
sinoauricularis,  Koch)  between  two  branches  of  the  right  (or  frequently  one  from  the  left) 
coronary  artery  (see  p.  102) ;   it  serves  as  an  additional  guide  to  the  node. 

The  node  (monkey,  man,  Meiklejohn)  receives  an  extensive  innervation  from  the  ganglia 
immediately  above  it.  The  nerves  break  into  fine  fibrils  which  form  a  delicate  plexus  round 
the  muscle  fibres ;  they  present  a  great  variety  of  endings  in  the  monkey,  but  no  endings  have 
been  found  in  the  human  heart.      No  ganglion  cells  are  present  in  the  node. 
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Fig.  60a.— Tiik  sino-atrial  node  of  thk  irman  heart. 

(Microphnliit.'r;ipli,  I, .P.) 
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Fig.  60b.— Thr  sinoatrial  Nf>DE  of  thk  himan  heart. 
(Micropholograph,  H.P.) 
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Exposure  of  the  Sino-Atrial  Node.  The  sinoatrial  node  may  be  exposed 
in  a  fresh  aduk  heart  by  carefully  removing  the  epicardium  over  the  upper  end 
of  the  sulcus  terminalis,  workmg  from  both  sides  towards  the  groove.  The  sub- 
epicardial fat  should  then  be  rai.sed,  again  working  from  both  sides  towards  the 
sulcus,  and  the  muscle  fibres  of  the  superior  cava  and  the  neighbouring  atrium, 
both  of  which  have  a  definite  course  and  arrangement,  should  be  defined! 
Wenckebach's  bundle  will  be  exposed  about  the  middle  of  the  .sulcus,  and  above 
it  the  node  is  usually  easily  recognised  by  its  lighter  colour  and  greater  consistency 
and  by  the  indeterminate  direction  of  its  fibres. 

Purkinje  Fibres  of  the  Atrium.— Purkinje  fibres  in  the  atrium  were 
first  described  by  Thorel,  and  their  free  occurrence,  especially  on  the  septum 
and  at  the  orifice  of  the  superior  and  inferior  cava^  was  demonstrated  by  Tandlkr  ; 
and  their  presence  has  since  beeen  confirmed  by  Freund  (in  man),  Holmes 
(in  the  calf),  Schwartz  and  Pace  (in  .several  mammals),  and  in  the  ostrich 
(Clark).  Koch  and  Monckeberg,  however,  have  denied  their  pre.sence. 
Koch  apparently  worked  only  on  children's  hearts,  and  it  .should  be  noted  that 
Thorel  and  Tandler  have  expressly  stated  that  they  were  unable  to  discover 
them  before  adult  age  (Thorel  gives  forty  years  and  Tandler  twenty-eight 
years  as  the  time  of  their  appearance).  Monckeberg  holds  that  they  are 
abnormal  formations,  but  Tandler  found  them  "  in  absolutely  healthy  hearts 
and  in  isolated  bundles  among  healthy  muscle  fibres  at  definite  and  constant 
parts  of  the  heart."  The  present  writer  holds  them  to  be  proper  formations  of 
the  adult  heart  (in  man  and  the  sheep),  where  they  are  to  be  found  as  broad  pale 
fibres,  larger  than  the  atrial  fibres,  with  characteristic  fine,  peripheral,  longitud- 
inal striation  and  a  lighter,  fibril-free,  central  zone  in  which  lies  the  large  oval 
nucleus  ;  that  is,  they  agree  in  all  respects  with  the  Purkinje  fibres  of  the  ventricle. 
Thorel  held  that  these  fibres  form  a  complete  system  between  the  sino-atrial 
node  and  the  atrio- ventricular  node,  but  this  description  of  a  connecting  path 
is  not  generally  accepted.  The  fibres  occur  in  long  distinct  bundles,  which  may 
or  may  not  have  fibrous  sheaths,  and  in  smaller  or  single-fibre  groups  set  among 
the  atrial  muscle.  The  larger  bundles  occur  at  definite  parts  of  the  right  atrium  ; 
for  example,  (1)  in  the  neighbourhood  of  the  atrio-ventricular  node,  but  whether 
they  are  continuous  with  the  node  is  uncertain  ;  (2)  at  the  lateral  circumference 
of  the  orifice  of  the  inferior  cava ;  (3)  round  the  orifice  of  the  coronary  sinus  ; 
and  (4)  along  the  junction  of  the  posterior  wall  of  the  atrium  with  the  septum 
(Tandler)  .    The  smaller  bundles  would  appear  to  be  offsets  of  the  larger  bundles . 

The  Morphology  of  the  Connecting  Systems.— A  discussion  of  the 
comparative  anatomy  and  developmental  history  of  the  connecting  systems  of  the 
heart  is  perhaps  as  yet  hardly  profitable.  The  facts  are  available,  outside  the 
mammals,  only  for  a  few  forms  in  each  of  the  great  groups,  and  there  are  such 
differences  in  the  descriptions,  for  example,  among  the  fishes  and  the  birds,  as  to 
indicate  that  there  are  wide  differences  in  the  arrangements  in  closely  related  forms 
and  that  no  systematic  comparative  series  can  be  established.  Certain  general 
conclusions,  however,  may  apparently  be  drawn ;  but  it  appears  to  the  writer 
that  there  are  other  considerations,  for  example  the  rate  of  conduction  of  the 
cardiac  impulse,  which  are  more  important  than  a  purely  morphological  com- 
parison of  the  connections  between  the  chambers  of  the  heart,  for  they  establish 
such  distinctions  between  the  hearts  of  lower  and  higher  vertebrates  that  they 
vitiate  a  simple  comparison  between  the  structural  conditions  of  the  fish  heart 
and  the  mammalian  heart. 

The  discussion  of  the  co-ordinated  contraction  of  a  chambered  heart  centres 
itself  on  the  transmission  of  the  excitatory  process  from  chamber  to  chamber. 
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III  a  simple  chainUrtil  luarl  it  is  obviously  essential  for  the  working  of  tin 
heart  that  the  transmission  of  the  contraction  from  the  contracting  to  the  receiving 
chamber  should  be  delayed  at  the  junction  between  them,  for  only  in  this  way 
will  the  receiving  chamber  be  filled  before  it  begins  to  contract.  This  statement, 
with  a  slight  tlifTerence  in  the  emphasis,  is  essentially  similar  to  (jASKEI.l's, 
namely,  that  the  co-ordinated  sequence  of  events  in  the  cardiac  cycle  is  due  to 
a  difference  of  rhythmicity  and  of  conductivity  in  different  parts  of  the  heart, 
the  conductivity  being  diminished  at  the  junctions.  It  is  found  in  th* 
frog,  for  example,  that  the  impulse  passes  over  the  sinus  at  the  rate  of  about 
KM)  mm.  ])CT  sec.  (Clark)  and  then  halts  for  -2  to  -4  .sec.  at  the  sino-atrial 
junction;  the  rate  of  conduction  is  al.so  about  KXJ  mm.  per  sec.  in  the  atrium 
and  in  the  ventricle,  and  there  are  halts  of  about  -2  sec.  at  the  atrio-ventricular 
and  ventriculo-bulbar  junctions,  figures  of  similar  magnitude  (KKJ  to  200  mm. 
per  sec.)  express  the  rate  of  conduction  in  the  sinus,  the  atrium,  and  the  ventricle 
of  other  cold-blooded  vertebrates,  and  in  all  there  is  a  marked  delay  at  the  sino- 
atrio  and  atrio- ventricular  junctions.  The  manner  in  which  the  delay  is  produced 
is  not  primarily  a  structural  problem,  but  there  seem  to  be  at  least  three  morpho- 
logical factors  concerned  in  it  (or  in  its  expression);  namely,  (1)  the  peculiar 
arrangement  of  the  connecting  muscle  fibres  ;  (2)  the  partial  interruption  by 
fibrous  tissue  of  the  muscular  continuity  between  successive  chambers  ;  and  (3) 
the  specialised  structure  of  the  connecting  muscle  fibres. 

(1)  The  arrangement  of  the  connecting  muscle  fibres  has  been  considered  by 
Skramlik  {Zeitsch.  f.  d.  gesam.  exp.  Med.,  Bd.  xiv.,  1921),  who  has  shown 
(in  the  frog)  that  the  muscle  fibres  of  the  sinus,  the  atrium,  and  the  ventricle  are 
arranged  in  bundles  which  branch  in  all  directions  forming  a  basket  network  ;  * 
at  the  sino-atrial  and  atrio-ventricular  junctions,  however,  he  found  that  all 
the  fibres  are  arranged  in  a  circular  ring,  and  in  this  respect  they  suggest  a 
comparison  with  the  sphinctcric  rings  of  the  gut.  Skramlik  accounts  for  the 
delay  in  conduction  at  these  parts  by  supposing  that  the  rate  of  conduction  is 
inversely  proportional  to  the  number  of  cells  per  unit  distance  that  the  wave  of 
excitation  has  to  traverse  ;  and  this  number  is  obviously  greater  at  the  junctions 
where  the  cells  arc  arranged  transversely  to  the  direction  of  the  wave  of  excitation. 
The  sphinctcric  nature  of  the  rings  at  the  constricted  parts  of  the  primitive  heart 
and  in  the  early  stages  of  development  of  the  heart  of  higher  vertebrates  has 
already  been  suggested  (pp.  4  and  61).  It  was  then  pointed  out  that  the  primitive 
mechanisms  which  close  the  orifices  of  the  cardiac  chambers  consist  of  the 
sphinctcric  rings  and  the  subendocardial  swellings  which  they  appropriate  by 
their  contraction.  The  evidences  are  (see  below,  fish  heart)  that  a  muscular 
arrangement  constituting  a  virtual  sphincter  persists  in  lower  vertebrates,  but 
that  in  them,  and  in  higher  vertebrates  where  the  sphinctcric  arrangement  is  not 
obvious,  the  sphinctcric  (connecting)  musculature  need  no  longer  be  actively 
contractile;  for  the  primitive  closing  mechanisms  arc  replaced  by  mechanically 
acting  membranous  valves  derived  from  the  subcndcx-ardial  swellings.  Con- 
tractility as  well  as  conductivity,  therefore,  is  diminished  in  the  junctional 
musculature,  while  rhythmicity  is  enhanced. 

(2)  The  conductivity  is  further  diminished,  even  in  cold-blooded  verte- 
brates, by  the  considerable  amount  of  connective  tissue  at  the  atrio- ventricular 
junction,  so  that  the  number  of  muscle  fibres  connecting  the  atrium  and  the 
ventricle  is  relatively  small.  The  "  narrowing  "  of  the  junction  thus  produced 
between  the  two  parts,  it  is  well  known  from  numerous  records,  reduces  the  rate 


•  For  ihc  details  of  the  arrangement,  sec  SnANER.y.'wr.  Anal.,  vol.  Iviii.,  I02.'{. 
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of  conduction  (and  induces  a  long  refractory  period,  Englemann)  ;  and  by 
partial  section  of  the  remaining  connection  the  rate  may  be  still  further  reduced 
(Gaskell).  It  is  found,  therefore,  on  examination,  thai  the  atrio- ventricular 
connection  has  a  lower  conducting  power  than  the  musculature  of  the  atrium 
or  of  the  ventricle;  for  Eckstein  {Pfiiiger's  Arch.,  Bd.  clvii.,  1914)  has  shown 
that  either  the  atrium  or  the  ventricle  can  be  driven  at  a  more  rapid  rate  than 
the  connection  can  transmit  impulses,  and  that,  therefore,  either  an  atrio- 
ventricular or  a  ventriculo-atrial  block  can  be  induced. ^  It  may  also  be  added 
that  atrio-ventricular  conduction  is  more  readily  influenced  by  drugs  or  changes 
in  ionic  concentration  than  is  the  conductivity  of  the  atrium  or  the  ventricle  ; 
as  already  pointed  out  there  are  differences  in  the  glycogen  content. 

(3)  The  histological  structure  of  the  connecting  muscle  fibres  is  the 
feature  to  which  most  attention  is  now  given.  The  details  of  the 
specialisation,  as  already  described,  present  considerable  differences  in 
different  forms,  but  the  common  basic  characters  may  be  summarised  as 
a  very  incomplete  longitudinal  striation,  a  large  protoplasmic  content, 
and  a  central  position  of  the  rounded  nucleus  in  syncytial  fibres  of  some  length  ; 
and  if  any  reliance  at  all  is  to  be  placed  on  the  meaning  of  details  of  structure 
then  these  fibres  are  not  so  actively  contractile  as  the  general  myocardium,  and  the 
difference  in  structure  can  only  mean  that  they  exist  for  a  distinct  purpose.  It 
may  be  interpolated  here  that  the  structure  described  is  not  simply  the  retention 
of  the  characters  of  embryonic  heart  muscle ;  as  will  be  fully  appreciated  from 
the  developmental  history  (p.  97),  it  is  a  distinct  specialisation  of  structure.  A 
rich  vascular  supply  is  characteristic  of  the  connecting  tissue  and,  more  signifi- 
cantly, it  is  accompanied  at  all  parts  by  large  numbers  of  nerve  fibres  ;  the 
participation  of  nerve  fibres,  and  at  some  parts  of  nerve  cells,  in  the  composition 
of  the  tissue  is  so  great,  and  nowhere  is  it  greater  than  in  the  fish  heart 
(Mackenzie),  that  it  is  often  referred  to  as  a  neuro-muscular  tissue. 

The  specialised  tissue  now  described,  of  high  rhythmicity  and  low  contractility 
and  conductivity,  in  close  connection  with  the  nervous  system,  and  localised 
round  the  sphincteric  parts  of  the  heart  since  it  is  derived  from  them,  is  represented 
in  all  vertebrates  ;  with  increasing  complexity  of  the  organ  its  conformation 
changes,  but  its  general  relations  remain  the  same  and,  it  may  be  claimed,  it  is  a 
homologous  structure  throughout.  The  arrangements  in  the  lower  vertebrates 
now  fall  to  be  briefly  described.  The  details  are  largely  taken  from  Mackenzie's 
work  on  the  comparative  anatomy  of  the  connecting  system. 

Fish. — At  the  sino-atrial  junction  there  is,  along  the  bases  of  the  sinus  valves, 
a  ring  of  loose,  richly  protoplasmic,  and  poorly  striated  muscle  fibres.  These 
fibres  are  continuous  with  the  inner  of  the  two  muscular  layers  of  the  venous 
valves,  the  outer  layer  of  the  valves  being  continuous  with  the  cortical  atrial 
muscle  (fig.  61).  The  fibres,  it  is  well  to  note,  though  they  are  in  the  sinus 
region  of  the  heart  and  as  far  as  is  known  are  developed  from  the  same  pri- 
mordium,  are  not  sinus  muscle  or  the  remains  of  sinus  muscle  ;  they  are  specialised 
structures  of  their  own  kind.  The  right  and  left  nerve  trunks  to  the  heart  reach 
the  sino-atrial  junction  as  single  trunks,  but  at  the  basal  attachment  of  the 
venous  valves  they  break  up  into  small  branches  which  encircle  the  sino-atrial 
orifice  ;  from  the  network  numerous  branches  enter  the  sino-atrial  ring  and  others 
pass  to  the  general  musculature  of  the  atrium.  There  are  several  ganglion  cells 
scattered  in  the  network,  but  they  are  found  in  larger  numbers  opposite  the 


^  It  has  been  repeatedly  shown,  of  course,  that  the  rate  of  atrio-ventricular  conduction  is 
greater  than  the  rate  of  ventriculo-atrial  conduction. 
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ends  of  thf  valves  and  at  the  base  of  the  dorsal  cusp.  The  atrial  musculature  is 
continuous  with  the  ventricular  musculature  through  a  ring  of  specialised  fibres 
of  small  size.  This  ring  lies  on  the  outside  of  the  atrio-ventricular  valves  and 
is  continuetl  down  on  the  inside  of  the  ventricle  wall  beyond  their  basal  attach- 
ment (tit:.  »)!).     'I'here  are  oniv  a  few  nerve  fibres  in  the  afrio  ventricular  grcxjvc. 


S.V 


A. 


A.VR 


,AVR. 


V^ 


A.  B. 

Fic.   61.    TiiK   co.NNKni.Ni;   svstkms  ok    thk    kisii    heart.     (Aftir  M.\(  kenzie.)     ./,  the 

SINOATRIAL   RISC.  ;    AND  B.  THE   ATRIO-VENTRICULAR   RINC.. 
A.,  atrium  :  S.V.,  sinu.s  venosus ;  V.,  ventricle;  N.,  nerve  plexus. 


Lf/t  sup.  cava.  . 


Atrial  septum 


I     r.  Tii/vfs.,.: 


Rt .  sup.  cava. 

Orifice  of  sinus  venosus. 

Inf.  vena  cava. 


Fio.  62.- -The  connecting  .systems  ok  the  reptilian  (lizard)  heart,    (After  Mackenzie.) 
Thf  heart  is  viewed  from  the  hark,  the  atrial  canal  and  the  ventricle  having  l>een  opened. 

In  some  forms  (the  ling,  Mackenzie)  the  anterior  and  po.sterior  parts  of  the 
ring  have  disappeared,  and  there  persist  only  two  strands  of  specialised  muscle 
oppoNite  the  ends  of  the  valves. 

Reptiles.'— In  the  lizard's  heart  (fig.  <'t'J)  speciali.sed  muscle  is  present  at 


*  There  is  a  considerable  "  .smooth -mu.scle  "  connection  l)etween  the  chambers  of  the  heart 
in  reptiles,  but  this  is  not  discussed  here. 
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the  sino-atrial  junction  only  along  the  base  of  the  left  venous  valve.  At  its 
lower  end  this  mass  is  continued  into  a  broad  band,  apparently  of  the  same 
structure,  which  descends  to  the  back  of  the  atrio-ventricular  ring,  lying  in  part 
of  its  course  behind  the  sinus  and  the  atrium  entirely  free  from  the  cardiac  muscle 
(Mackenzie). 1  This  connection  between  the  sino-atrial  and  atrio-ventricular 
rings  is  absent  in  the  crocodile. ^  The  atrio-ventricular  ring  of  .specialised 
muscle  descends  on  the  inner  face  of  the  ventricle  as  far  as  the  lower  attachment 
of  the  atrio-ventricular  valves  (the  upper  ends  of  which  are  attached  to  the  lower 
end  of  the  atrial  septum).  In  front  the  ring  is  continued  on  to  the  bulbo-atrial 
ridge,  but  otherwise  it  is  carried  down  only  into  the  left  ventricle.  In  the 
crocodile,  however,  where  the  interventricular  septum  is  complete  (p.  9),  the 
back  part  of  the  ring  is  carried  forward  on  its  summit,  below  the  membranous 
part  of  the  septum,  and  is  distributed  in  part  to  that  portion  of  the  right  ventricle 
which  corresponds  to  the  part  of  the  human  heart  which  in  this  work  has  been 
termed  the  "  inflowing  "  part. 

Mammals. — In  mammals  the  sino-atrial  node,  a  typical  neuro-muscular 
mass,  is  invariably  found  at  the  base  of  the  upper  part  of  the  right  venous  valve. 
The  explanation  of  the  presence  of  the  right  and  the  absence  of  the  left  valve 
ring  is  probably  to  be  sought  in  the  fusion  of  the  left  venous  valve  with  the  atrial 
septum  and  the  disappearance  of  the  spatium  intersepto-valvulare  (p.  40), 
and  in  the  interruption  of  its  basal  part  by  the  development  of  the  limbic  bands 
(p.  40).  It  has  been  stated  by  Retzer,  however,  that  in  the  pig  embryo  the 
left  valve  carries  down  specialised  tissue  to  the  atrio-ventricular  ring  ;  but  the 
concept  of  the  morphology  of  the  specialised  muscle  given  by  Retzer  differs 
so  much  from  that  advanced  in  this  work  that  only  mention  of  it  is  made  here. 
Further  work  is  needed  on  the  sino-atrial  tissue  of  the  hearts  of  monotremes 
and  marsupials .  The  distribution  of  the  atrio-ventricular  system  is  more  complex. 
This  system  has  been  described  to  consist  of  the  following  parts  :  (1)  the  atrio- 
ventricular node  of  Tawara  ;  (2)  the  atrio-ventricular  bundle  of  His  and  its 
branches;  and  (3)  the  network  of  the  fibres  of  Purkinje.  Structurally  two 
regions  of  the  system  have  been  distinguished:  (1)  an  atrial  part,  the  neuro- 
muscular node  of  Tawara,  the  fibres  of  which  are  small,  richly  protoplasmic, 
freely  commingled,  and  embedded  in  a  fibrous  reticulum;  and  (2)  an  atrio- 
ventricular part,  the  bundle  of  His  and  the  fibres  of  Purkinje,  the  fibres  of  which 
vary  in  their  size  and  in  the  amount  of  difference  between  them  and  the  fibres  of 
the  myocardium.  It  has  also  been  shown  (Lewis,  Proc .  Roy.  Soc,  B.  Ixxxix., 
1917)  that  the  rates  of  conduction  of  these  two  parts  (in  the  dog)  are  strikingly 
different,  as  is  expressed  in  the  following  table  :^ 


Dog. 


Atrium  - 
A.V.  node 
Purkinje  fibres 
Ventricle 


Rate  of  Conduction . 
800  mm.  per  sec. 
200      ,,        .,         (or  less). 
4,000     ,, 
400      „ 


The  nature  of  the  node  would  thus  seem  to  be  well  established ;  structurally 
and  functionally  it  is  homologous  with  the  sino-atrial  node,  and  both  represent 
parts  of  the  primitive  specialised  junctional  tissue  of  the  heart,  of  low  contractility, 
low  conductivity,  and  high  rhythmicity,  and  in  intimate  connection  with  the 


1  This  is  the  ligamentum  atrio-ventriculare  of  DOGIEL,  who  maintains  it  is  a  neural  connection, 
and  the  dorsal  ligament  of  Laurens,  who  holds  it  to  be  a  pericardial  fold  serving  as  a  pathway 
for  vessels  and  nerves  and  containing  numerous  ganglion  cells. 

2  It  is  also  absent  in  the  alligator  (SwETT,  Ana/.  Record,  vol.  xxvi.). 
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nervous  .svstcni.  The  origin  of  the  nmlc  is  not  as  yet  decided,  that  is  whether 
it  is  part  of  the  sinoatrial  ring  or  part  of  the  atrio-vcntriruhir  ring.  It  has 
already  been  held  in  this  work  (p.  ID  that  it  lies  in  the  proper  atrial  region 
of  the  atrium,  that  is  outside  the  ana  enclosed  by  the  sinus  valves  (see  also  a 
diagram  by  Kkith,  I.atuct,  I'.HX)),  and  that  it  is,  therefore,  part  of  the  atrio- 
ventricular ring.  There  is  some  experimental  support,^  however,  for  the  view  that 
it  is  part  of  the  sino-atrial  ring,  or.  more  particularly,  the  lower  end  of  the 
sinoatrial  band  as  is  present  in  the  lower  reptiles  (fig.  62),  and,  further,  it  is 
stated  by  Mackknzik  that  in  the  kangaroo  it  lies  within  the  limits  of  the  venous 
valves.  The  atrioventricular  part  of  the  system  (the  bundle  of  His  and  the 
network  of  I'irkinji:)  an-  <li  rivativi  -<  (.f  the  atrio-ventriiular  ring,  the  modification 

St  plum 
primunt . 


i 


Srptu  ni 
stcundum . 


./.-  /'.  bundle . 


^-  Aortic  cusp  of 
mitral  valve. 


"^ 


\'(  utricular 
septum. 


Fir,.    6.'J.— TlIK    ATRIOVENTRK  I  LAR    BCNDLK    <IK    A    IICMA.N     K.MHKVn    nK 

(Mi(  r()i)h<)t(>fjrii])li. ) 
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in  its  form  rej)resenting  a  reduction  ("  narrowing  "),  a  displacement  forwards 
on  the  ventricular  septum,  and  an  extension  of  the  distribution  on  the  ventricle 
walls,  of  the  ])rimitive  funnel-shaped  ring.  The  reduction  of  the  ring  to  a  single 
band  has  already  been  associated  with  the  development  of  membranous  valves, 
and  the  displacement  forwards  with  the  completion  of  the  ventricular  septum  ; 
the  wide  extension  of  the  terminal  network,  more  dense  in  the  aj^ical  than  in  the 
basal  part  of  the  ventricles,  is  a  mammalian  acquisition  and  ensures  the  conduction 
of  the  im{)ulse  to  all  parts  of  the  ventricle. 

Birds.— The  mechanism  of  the  heart  of  birds  is  different  from  the  mechanism 
in  ni.immals.  The  rates  of  conduction  in  the  atria  and  ventricles  are  much 
higher   (2,CHKJ  to   4,0(X)   mm.   per   sec).    The   arrangement   of  the  connecting 

'  The  experimental  evidence  is  that  the  right  vagus  and  sympathetic  seem  to  be 
chiefly  associ.itetl  with  the  sino  atrial  node  and  the  left  vagus  and  sympathetic  with  the  atrio- 
ventri<  ular  node  ;  and  the  two  nodes  are  considered  to  Ijc  the  right  and  left  parts  of  the  sino-atrial 
ring. 
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systems  is  peculiar,  but  they  are  not  absent  as  is  sometimes  described  (Mackenzi 
and  Robertson,  Keith).  There  is  a  Purkinje  network  in  the  atrium  (ostrich) 
and  in  most  parts  of  the  ventricles  (hen)  (see  fig.  58),  and  a  description  of  the 
macroscopic  dissection  of  the  atrio-ventricular  bundle  (in  the  ostrich)  has  been 
given  by  Drennan.  The  description  of  the  details,  however,  need  not  be  given 
here.     (See  Tang,  Anat.  Anz.,  Bd.  Iv.) 

The  Development  of  the  Connecting  System.-^ Ihe  developmental 
history  of  the  connecting  system  is  by  no  means  yet  fully  known.  It  has  been 
studied  in  the  pig  by  Retzer  and  in  the  human  heart  by  Tawara,  Monckeberg, 
Tandler,  and  Mall.  Retzer  describes  the  appearance  of  the  atrio-ventricular 
system  at  the  same  time  as  the  formation  of  the  septum  primum,  but  he  describes 
the  origin  of  the  whole  system  from  the  left  venous  valve.  Tandler  was  able 
to  recognise  the  bundle  of  His  in  a  10  mm.  liuman  embryo  on  the  posterior  wall 
of  the  atrial  canal  as  a  strip  of  cells  of  darker  colour.  At  this  stage  the  atrial 
and  ventricular  musculatures  are  continuous  with  one  another  at  the  atrial  canal , 
so  that  the  bundle  cannot  be  considered  simply  to  represent  a  remaining  part  of 
this  canal  after  the  union  between  the  musculatures  has  been  interrupted,  but  is 
already  at  the  10  mm.  stage  a  differentiated  structure.  In  a  human  embryo  of 
19-75  mm.  length,  the  bundle  of  His  can  be  recognised  on  the  summit  of  the 
ventricular  septum  ;  its  appearance,  the  nuclei  being  very  dark  and  the  proto- 
plasm poorly  staining,  is  not  unlike  that  of  the  "  anlage  "  of  a  sympathetic 
ganglion,  only  it  is  poorer  in  the  number  of  cells  (fig.  64).  The  right  and  left 
limbs  can  be  traced  for  a  short  distance  in  this  specimen;  in  a  28  mm.  embryo 
they  can  be  followed  much  further.  Mall  has  stated  that  the  bundle  can  be 
recognised  in  a  7  mm.  embryo;  it  is  separated  from  the  surrounding  tissue  by 
a  distinct  space  and  is  found  on  the  posterior  wall  of  the  atrial  canal,  under 
the  endocardial  cushion,^  approximately  at  the  place  at  which  the  atrial  septum 
reaches  it.  In  later  stages,  20  mm.,  it  shows  the  differential  staining  and  its 
two  limbs  can  be  found.  It  cannot  be  followed  upwards  on  the  posterior  wall 
of  the  atrium  to  the  sinus.  At  the  20  mm.  stage  the  separation  of  the  cortical 
ventricular  muscle  and  the  atrial  muscle  is  complete  (p.  59),  and  the  atrio- 
ventricular bundle  represents  the  sole  union  between  the  two.  (Other 
persistences  between  the  atrium  and  ventricle  described  by  Paladino  and  Kent 
have  been  referred  to  (p.  78);  Mall  describes  them  as  possible  variations.) 
In  later  stages  the  muscular  differentiation  becomes  more  marked,  the  connecting 
system  being  more  lightly  coloured  ;  and  at  the  35  mm.  stage  it  can  be  recognised 
to  consist  of  short  cells,  fused  with  one  another,  in  which  longitudinal  striation 
is  just  apparent  (Monckeberg). 

The  developmental  history  of  the  sino-atrial  system  is  unknown. 

The  connecting  systems  of  the  mammalian  heart,  as  now  described,  are 
believed  to  be  derived  from  the  primitive  junctional  sphincter ic  rings  between  the 
sinus  and  the  atrium  and  the  atrium  and  the  ventricle,  and  they  cannot,  therefore, 
be  considered  as  primitive  sinus,  or  primitive  atrial  muscle.  Two  lines  of  develop- 
ment have  been  followed,  so  that  the  systems  of  the  adult  consist  of  two  distinct 
tissues  :  (1)  the  nodal  tissue  of  the  sino-atrial  and  atrio-ventricular  nodes,  and  (2) 
the  atrio-ventricular  bundle  and  its  terminal  ramifications,  the  fibres  of  Purkinje. 
The  nodes  are  neuro-muscular  structures  of  high  rhythmicity,  and  at  present  are 
probably  best  looked  on  as  cardio-regulatory  centres  of  the  atria  and  ventricles 
respectively,  initiating  the  contractions  of  these  parts,  but  co-ordinated  through 
the  nervous  system  ;   how  far  they  are  comparable  to  such  tissues  as  the  myenteric 


1  The  part  of  the  trigonum  which  the  bundle  perforates  is  developed  from  this  region. 
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plexuses  cannot  yet  be  stated.  The  atrio- ventricular  bundle,  it  has  been  seen, 
is  differentiated  at  a  time  when  atrio- ventricular  continuity  is  intact  and  develops 
along  its  own  lines.  It  must  be  concluded,  therefore,  that  it  is  a  structure  of 
great  functional  ijuportancc  and  more  than  merely  a  bundle  of  muscular  con- 
tinuity ;  it  undoubtedly  belongs  to  the  motor  apparatus  of  the  heart.  It  possesses, 
on  the  one  hand,  characters  of  muscle,'  and  on  the  other  similarities  to  nerves,* 
so  that  it  is  ditVicult  to  class  it  with  the  one  or  other  tissue  ;  it  probably  must 
be  looked  on  as  a  distinct  tissue,  not  to  be  subsumed  under  any  other,  and  to 
l>e  the  distributing  tissue  to  the  ventricular  muscle  of  the  impulse  of  contraction 
from  the  node  of  Tawara.  Its  true  nature,  however,  is  still  a  matter  to  be 
decided,  and  the  possibilities,  for  example,  of  its  resemblance  to  the  longitudinal 
muscle  of  the  gut,  cannot  yet  be  discussed  in  a  text-book. 


THE  BLOOD  VESSELS  OF  THE  HEART 

The  arteries  which  supply  the  heart  are  two  comparatively  small  vessels, 
the  right  and  left  coronary  arteries,  which  arise  from  two  of  the  sinuses  of 
Valsalva  at  the  commencement  of  the  aorta.  They  belong,  therefore,  to  the 
visceral  systemic  circulation,  though  they  differ  from  the  other  vi.sceral  arteries 
in  many  respects. 

The  right  coronary  artery  (figs.  64,  65)  ari.ses  from  the  anterior  sinus  of 
Valsalva  and  proceeds  directly  to  the  right.  It  appears  on  the  surface  of  the  heart 
between  the  pulmonary  artery  and  the  right  auricular  appendix  and,  embedded  in 
fat.  runs  in  the  coronary  sulcus  round  the  margo  acutus  on  to  the  posterior  aspect 
of  the  heart ;  on  this  aspect  it  usually  extends  as  far  as  the  posterior  interventricular 
groove,  where  it  divides  into  two  branches.  The  smaller  branch  continues  to 
the  left  in  the  coronary  sulcus,  approaching  the  termination  of  the  transverse 
branch  of  the  left  coronary  artery,  and  ends  by  dividing  into  two  or  three  branches, 
rami  ventriculares  sinistri,  which  descend  on  the  posterior  surface  of  the  left 
ventridc;  while  the  (.liier  branch,  ramus  descendens  posterior,  descends 
in  the  posterior  interventricular  furrow  and  gives  off  branches  to  both  ventricles 
and  others  which  pass  forwards  into  the  interventricular  septum  (fig.  65).  In 
its  course  the  artery  gives  off  the  following  branches  : — 

(1)  An  infundibular  branch  which  ramifies  over  the  front  of  the  conus 
arteriosus  and  ana>i(>in()>es  with  a  corresponding  branch  of  the  left  coronary 
artery.  In  33  per  cent,  of  bodies  this  branch  arises  directly  from  the  anterior  sinus 
of  Valsalva  (Banchi).  (2)  Two  main  branches  which  descend  on  the  anterior 
surface  of  the  right  ventricle,  giving  off  a  number  of  more  or  less  parallel  hori- 
zontal twigs ;  these  extend  to  the  right  as  far  as  the  margo  acutus  and  to  the  left 
to  meet  similar  branches  from  the  left  coronary  artery.     (3)  A  constant  stout 

'  It  is  pcncrally  Ik-HcvwI  that  the  ntrio-vontrirul;ir  bundle  is  non-contrartile,  and  also  that 
it  docs  not  participate  in  atrophic  or  hypertrophic  changes  of  the  myocardium;  CcRRAN, 
howcvci,  does  not  completely  agree  with  the  latter  statement,  and  a.";  already  pointed  out  (p.  7S), 
he  lias  de.scriU-d  niovemi-nts  of  the  right  limb  of  the  bundle  in  the  ox.  Studies  of  the  bundle 
with  polarised  light  .strengthen  the  view  that  the  fibres  of  the  bundle  possess  moderate  powers 
of  rontr.iftility  (Iohnstone.  .hiaf.  Rra^rd,  vol.  xxvi.).  It  has  been  stated  that  rhabdomyo- 
mata  of  the  heart  consist  of  I'urkinjc  fibres  (Retzkr,  Anat.  Record,  vol.  ii.,  p.  168K  There 
is  certainly  no  adequate  evidence  to  support  Retzer's  suggestion  that  "  worn-out  myocardium 
ii  replaced  from  the  Purkinje  .system." 

'  That  it  is  not  simjily  a  motor  nerve,  thougli  perhaps  comparable  in  function,  is  shown  by 
the  fact  that  it  docs  not  undergo  degeneration  below  the  place  of  section  (Keith). 


.lor/a 


Kt .  co?'ona>y  art. 
I 'one  parvo'  cordis . 


"Jl  cor.  art .  ramus 
circumjlc.xiis . 


Lcjl  cor.  art. 
ramus  desc.  ant. 


Rarmis  later, 


Fig.  64. — The  coronary  arteries  on  the  front  of  the  heart. 


Left  pulmonary  veins 


Left  cor.  art. 
ramus  circumflexus 


W       Sup.  vena  cava. 


Inf.  vena  cava. 

\-  Coronary  sinus. 
\ 

Rt.  coronary  art. 


Fig.  65.  —The  coronary  arteries  on  the  back  of  the  heart. 
(The  terminal  atrial  hranch  of  the  left  coronary  artery  is,  in  this  specimen,  larger  than  usual. ^ 
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lateral  or  marginal  branch,  ramus  lateralis,  which  descends  along  the  niargo 
acutus  giving  offsets  to  the  anterior  and  posterior  surfaces  of  the  marginal  part 
of  the  right  ventricle.  On  the  lower  third  of  the  ventricle  it  often  turns  backwards 
and  runs  transversely  across  the  inferior  surface  to  reach  the  posterior  inter- 
ventricular groove  (Gross).  (4)  Smaller  and  inconstantly  placed  branches, 
three  or  four  in  number,  are  given  to  the  right  atrium  in  front  and  behind  (see 
below),  while  several  delicate  twigs,  constantly  found  and  remarkably  regular 
in  position,  are  distributed  to  the  roots  of  the  aorta  and  pulmonary  artery.  (See 
"  Comparative  Anatomy  of  Coronary  Arteries.") 

The  left  coronary  artery  (figs.  64,  65,  66),  generally  rather  larger  than  the 


Ram.  septi 
fibrosi .  • 


Rt .  cor.  art 


Artery  of  the ,, 
moderator  band. 


Left  cor.  art. 
ram.  circumfl. 


Fig.  66.— a  scheme  of  the  distribution  of  the  coronary  arteries.    (After  Campbell.) 

right  artery,^  arises  from  the  left  sinus  of  Valsalva.  It  passes  behind  the 
pulmonary  artery  and  then  forwards  between  that  vessel  and  the  left  auricular 
appendix,  in  which  position,  after  a  course  of  about  half  an  inch,  it  divides  into 
two  branches.  The  larger  branch,  ramus  descendens  anterior,  appears  on 
the  anterior  surface  of  the  heart  and  descends  in  the  anterior  interventricular 
furrow  to  the  lower  margin  of  the  heart,  round  which  its  terrninal  branches  pass 


^  The  two  vessels  are,  as  a  rule,  different  in  size,  but  while  Kr.a.use.  Cruviei.hier.  and 
Albrecht  describe  the  right  vessel  to  be  more  often  larger  than  the  left,  in  a  recent  examination 
by  Halbertsma  the  left  vessel  was,  as  is  stated  above,  more  often  larger  than  the  right ;  the  left 
was  more  often  the  larger  vessel  in  the  writer's  series.  In  .some  quadruped  mammals  (ox)  the 
difference  between  the  two  vessels  is  very  great.  A  marked  diminution  in  the  size  of  one  coronary 
artery  is  compensated  by  an  increase  in  the  other,  which  then  is  distributed  over  a  larger  part 
of  the  heart  (see  below).  The  calibre  of  the  coronary  arteries,  especially  when  diseased,  may 
vary  suddenly. 
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to  pain  thr  diaphragmatic  surface.  There  arises  from  this  vessel,  near  its  origin, 
a  branch  which  ramifies  on  the  conus  arteriosus,  and  throughout  its  course  it 
gives  numerous  transverse  branches  to  the  anterior  surface  of  the  right  ventricle 
and  a  series  of  larger  and  fairly  constant  branches,  rami  collaterales,  \vhi(  h 
run  more  or  less  parallel  to  one  another  downwards  and  to  the  left  on  the  left 
vintricle ;  while  from  its  deep  surface  branches  pass  from  it  into  the  inter- 
ventricular septum,  the  uppermost  of  the  series  being  large  and  easily  defined 
(tig.  66).  The  second  branch,  ramus  circumflexus.  runs  to  the  left  in  the 
coronar)'  sulcus  and  becomes  supcrfiiial  about  the  margo  obtusus  round  which 
it  passes  on  to  the  diaphragmatic  surface.  It  extends  on  this  surface  for  a  varying 
distance  towards  the  right,  but  only  seldom  does  it  reach  the  posterior  inter- 
ventricular furrow;  and  it  ends  by  turning  downwards  on  the  left  ventricle. 
In  its  course  it  gives  off  branches  to  the  anterior  and  posterior  surfaces  of  the 
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Fio.  67.— An  .\nalysis  ok  the  dlstribution  of  the  coronary  arteries  on 

THE    BACK   OF   THE   VENTRICLES.      (After  CaMPBEI.L.) 
R.  and  L.,  right  and  left  coronar)'  arteries. 

left  atrium  (see  below)  and  left  ventricle,  most  of  which  are  unnamed,  but 
usually  constant  among  them  are  a  branch  to  the  anterior  surface  of  the  atrium, 
ramus  atrialis  anterior,  a  branch  which  accompanies  the  vein  of  Marshall, 
;in<l  otic  or  two  branches  which  descend  on  the  margo  obtusus,  rami  marginales. 
The  left  coronary  artery,  at  its  beginning,  supplies  small  brancho  '•■  ''i'  '""' 
of  the  aorta  and  pulmonarv  arterv. 


Variations.  Iht-  level  oi  Ua-  urilues  ul  the  eoronary  arteru-.s  in  the  sinuses  of  \'als.iiv.«  varies 
in  loth  vertical  and  horizontal  directions.  Most  eoninionly  they  lie  at  the  level  of  the  free  edge 
of  the  cusp,  hut  they  are  often  aViovc  this  level  (V'iscHiA  rlaims  this  position  to  be  the  most 
conimon^  and  in  a  few  instances  l>elo\v  it ;  and  while  most  rommonly  at  the  centre  of  the  sinus 
lluy  arc  often  found  nearer  its  anterior  margin.  The  two  coronary  arteries  have  been  seen, 
though  in  only  a  few  instances,  to  arise  by  a  common  trunk  or  lx)th  to  arise  from  one  sinus  of 
'  '  '  (MoROACNi,  Crt;vielhier,  Hvrtl.  Bociidalek.  Enoelmann).  Not  infrequently 
■cr  of  coronary  arteries  is  increased  to  three  and  in  a  few  instances  four  have  been 
•vcd.  The  supplementary  vessels  are  generally  small  (and  probably  are  often  overlooked, 
IT  >\\\MT.V.S.  /our.  Anat.,  vol.  xli.,  found  them  in  40  of  100  hearts  examined);  they  spring 
from  the  aorta  near  the  main  coron.iry  trunk,  of  which  they  represent  normal  liranches  which 
have  acquired  an  independent  origin.     They  occur  on  tK>th  sides,  but  probably  more  frequently  on 
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the  right  .^ide.     In  very   rare  iubtances  an  additional   coronary  arl.rv   f.as  I.ecn   found  arising 
from  the  fjulmonary  trunk  (Krause,  Brooks,  Heidloff^. 

Distribution  of  the  Coronary  Arteries.-The  chief  ventricular  l.ranches  of  the  coronary 
arteries  lie  on  the  surface  ol  the  heart  embedded  in  fat  and  covered  by  the  epicardium  •  some- 
times they  are  bridged  over  by  a  few  muscle  fibres.  They  show  not  inconsiderable  variations 
in  their  number  and  course  and  in  the  area  of  the  heart  wall  they  sujiply.  They  are  specially 
variable  on  the  back  of  the  heart,  where  the  left  artery  may  furnish  the  branch  descending  in 
the  posterior  interventricular  furrow  or  the  right  artery  may  supplv  the  whole  posterior  surface 
of  the  heart  as  far  as  the  margo  obtusus.  (For  a  detailed  account  of  these  variations  reference 
may  be  made  to  GROSS  and  Campbell  :  an  analysis  of  fifty  injected  hearts  of  Campbell's 
series  is  given  in  fig.  67.)  The  secondary  branches  ramify  on  the  surface  of  the  heart  for  most 
part  at  right  angles  to  its  long  axis,  and  from  them  the  finer  branches  pass  into  the  heart  muscle 
(hg.  70b).  In  the  myocardium  the  general  direction  of  the  arteries  is  inwards  (towards  the 
endocardium)  through  the  successive  muscle  layers,  the  vessels  gradually  diminishing  in  size 
as  they  approach  the  inner  surface.     The  adventitial  coat  is  very  much  reduced  when  the  vessels 
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Fig.  68. — The  arteries  of  the  septum. 

X-ray  photograph  of  the  injected  arteries;  from  a  specimen  prepared  by  J.  S.  Campbell. 
The  anastomoses  between  the  anterior  and  posterior  septal  arteries  are  shown. 

enter  the  myocardium.  The  ultimate  capillary  formation  is  a  long  narrow  meshwork  in  the 
direction  of  the  muscle  filjres,  parallel  capillaries  connected  by  .short  transverse  branches  lying 
in  the  intervals  between  individual  fibres  (Koster)  ;  Meigs  has  demonstrated  the  presence 
of  very  large  vessels  of  capillary  structure,  and  he  also  has  stated  that  the  capillaries 
penetrate  the  muscle  fibres,  but  this  has  not  been  confirmed.  The  arteries  for  the  papillary 
muscles  enter  them  at  their  base  and  divide  into  branches  which  ascend  to  the  apex  of  the  muscles, 
in  their  course  being  connected  by  transverse  branches  (Ribbert).  The  arteries  of  the  inter- 
ventricular septum  are  branches  of  the  anterior  and  posterior  interventricular  trunks  and  run 
backwards  and  forwards  in  it  parallel  to  the  base  of  the  heart  (fig.  68).  The  uppermost  of  these, 
ramus  septi  fibrosi,  arises  (usually)  from  the  transverse  branch  of  the  right  coronar\-  artery 
and  supplies  the  area  round  the  orifice  of  the  coronary  sinus  and  the  upper  back  part  of  the 
ventricular  septum  (see  "  Blood  Supply  of  Atrio-Ventricular  Bundle  ");  if  the  left  artery 
extends  on  to  the  right  side  of  the  heart  this  branch  arises  from  it  (tig.  67).  It  perforates  the 
trigonum  dextrum  behind  the  atrio-ventricular  bundle. 

The  atrial  branches  of  the  coronar>'  arteries  are  less  constant  in  their  arrangement  than  the 
ventricular  arteries.  Six  or  seven  fairly  constant  stems  are  present,  ramifying  over  both  surfaces 
of  the  atria  and  anastomosing  freely  with  one  another,  but  any  one,  or  any  combination  of  two 
or  more,  may  be  much  larger  than  the  others  and  become  the  chief  atrial  blood  .supply.    The 
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I  iiiiiiiioiii  st  ,ir r.iii^i  UK  III  in  (  .\MI'liKI.I.'>  srrii-s  is  .shown  m  n^;.  ti7  ,  t(  ««rurrrtl  in  Hit  ol  tlic  "0 
s|Hi  iiiuns.  Six  sicins  an-  shown,  lour  from  the  ri^ht  coronary  artery  and  two  from  thr  I«ft 
vcsM'l.  The  first  branch  of  the  right  artery,  which  arises  near  its  commencement,  passes  upwards 
on  the  anterior  wall  of  the  right  atrium,  where  it  anastomoses  with  the  first  liranrli  of  the  left 
«irten\  It  gives  off  liran<  hes  whic  h  j)ass  into  the  atrial  se|)tum,  some  of  which  turn  downwards 
and  anastomose  with  twigs  of  the  ramus  septi  fihrosi,  and  others  of  which  ramify  over  the  anterior 
wall  and  roof  of  the  atria.  The  main  stem  continues  over  the  roof  of  the  right  atrium  to  the 
fxisterior  surface  of  the  sujKrior  vena  cava  and  there  it  terminates  in  a  ring  like  plexus  roun<l 
its  orifice ;  from  this  plexus  one  large  branch  descends  in  the  sulcus  terminalis  and  supplies  the 
tissue  of  the  sinoatrial  no<le.  In  the  second  most  common  arrangement  (present  in  twenty 
s|KTimens  in  C".\MrBKLI.'s  series)  the  branch  (a)  from  the  right  coronary  artery  is  small  and  that 
(b)  from  the  left  coronan.-  artery  is  large,  and  through  the  correspon<ling  anastomoses  reaches  the 
caval  orifice  and  forms  the  ring-like  plexus  (see  fig.  7(1,  B) ;  in  the  remaining  specimens  one  of 
the  other  branches  (c,  I),  E,  K,  but  more  commonly  I"  or  c,  and  rarely  i)  or  K)  is  the  chief  atrial 
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Fig.  tW.     .\   n!\r;R.\M  to  show  the  I'.siai.  aki:.\n  of  distrihi  th'v  of  the 

CORONARY    ARTERIES.       (After  TaNDLER.) 
R.  and  L.  are  placed  in  the  shadings  which  correspond  with  the  areas  of  distribution  of  the 
right  and  left  coronary  arteries  respectively  ;  the  areas  supplied  by  both  arteries  are  cro.ss-hatchitl. 
(Compare  with  fig.  fi7.) 


vessel  and  forms  tin-  plexus.  (A  vitv  full  discussion  of  the  atrial  blood  sujiply  is  given  by 
SivM  TKHot-Z.) 

In  addition  to  the  branches  to  the  myocardium  descrilied  above,  the  coronary  arteries  and 
their  branches  give  off  a  large  numU-r  of  twigs,  arteris  telae  adiposae  cordis,  which  ramify 
as  a  rich  network  in  the  subepicardial  fat  and  sii|ii)ly  it.  Tlicsi-  vessels  cm  be  .satisfactorily 
identified  only  in  clearotl  si>ecimens.  The  ve.s-sels  which  ramify  on  the  surface  of  the  root  of 
the  afirta  and  pulmonary  artery  belong  to  this  group. 

The  areas  of  distribution  of  the  coronary  arteries  have  l>een  determined  by  coloured 
injection.s  (Amknomvia,  Sternberg.  Nt-ssbai'M).  by  injected  and  cleared  heurt.s  (Spalteholz), 
and  by  X-ray  photographs  of  o|)af|uely  injected  s|Tecimens  (GrossK  and  it  has  been  shown  that, 
apart  from  individual  variations,  fairly  well-defined  regicms  of  the  ventricles  are  supplied  by 
each  of  the  vessels  while  other  parts  are  supplied  by  lx)th  arteries  (fig.  <i9) ;  the  atrial  distribution. 
•  <•.  is  more  prone  to  variation  and  a  typical  description  cannot  be  given  of  if.  The 
I  y  .irtcry  supplies  the  whole  of  the  right  ventricle  with   the  exception  of  the  left 

third  ol  the  anterior  wall.  It  .supplies  also  the  posterior  part  of  the  interventricular  septum 
and  the  posterior  wall  of  the  left  ventricle  as  far  as  the  attachment  of  the  fwsterior  papillary 
muscles,  in  the  supply  of  which  it  shares.     The  left  coronary  arterv  supplies  the  remainder  of 
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the  lift  vcntriclr,  tiic  unlcrior  jKirL  of  thu  sfptiiin,  ami  part  oC  llie  anterior  wail  ol'  tlie  rij^iit 
ventricle,  and  shares  in  the  supply  of  the  anterior  papillary  muscle  of  the  right  ventricle  by  a 
distinct  branch  (which  can  easily  be  dissected)  which  passes  along  the  moderator  band  (fig.  (iO). 

Anastomoses  of  the  Coronary  Arteries.  The  question  of  the  pre-capillary 
ana.stomose.s  of  the  coronary  arteries  has  long  been  a  matter  of  discussion  and 
on  it  there  is  now  a  considerable  literature;  this  has  been  fully  summarised 
l)y  Tandler,  Spalteholz,  and  Gross.  It  may  be  simply  stated  here  that, 
as  the  result  of  many  different  methods  of  anatomical  and  experimental  in- 
vestigation, it  can  no  longer  be  held  that  the  coronary  arteries  are  "  end  arteries  " 
in  the  sense  that  Cohnheim,  in  the  support  of  Hyrtl  and  Henle,  described  them 
to  be,  that  is,  that  there  are  no  pre-capillary  anastomoses  ;  and  this  must  be 
maintained  even  though  Cohnheim 's  view  has  since  been  largely  accepted  on 
the  strength  of  the  pathological  findings  in  infarction.  On  the  contrary,  it  may 
be  held  to  have  been  shown  by  a  large  number  of  workers  that — 

(1)  There  are  anastomoses  between  the  two  coronary  arteries  and  between 

the  branches  of  each  coronary  artery,  on  the  surface  of  the  heart, 
in  its  substance,  and  immediately  under  the  endocardium  ;   and 

(2)  there  are  anastomoses  between  the  coronary  arteries  and  the  vessels 

of  adjacent  parts,   namely,   the  pericardial,   diaphragmatic,   and 
bronchial  arteries. 

The  most  recent  methods,  by  radiographing  injected  coronary  arteries  (Jami.v 
and  Merkel,  Gross,  Campbell),  and  by  clearing  the  heart  after  injecting  the 
vessels  (Spalteholz),  have  shown  that  there  are  great  individual  differences 
in  the  amount  of  the  anastomoses  ;  that  there  are  considerable  age-changes  in 
the  extent  and  the  width  of  the  anastomoses  ;  and  that  the  anastomoses  may  be 
increased  in  pathological  specimens  of  obliterative  endarteritis.  The  anatomical 
anastomoses  being  proved,  the  formation  of  infarcts  in  the  heart,  which  postulates 
that  the  anastomoses  is  not  functionally  realised,  requires  to  be  explained.  There 
has  been  formulated,  therefore,  by  Pratt,  a  definition  that  an  artery  may  be 
classified  as  a  "  functional  end  artery  "  if  the  resistance  in  the  anastomoses 
is  greater  than  the  blood  pressure  in  the  anastomosing  vessels  ;  and  to  some 
extent  at  least  the  anastomoses  of  the  heart  may  fall  under  this  definition.  Modern 
experimental  work,  however  (Hirsch,  Smith,  Oppenheimer,  Rothschild, 
Herrick,  Gross,  Galli),  seems  to  show  that  factors  other  than  that  of  anatomical 
arrangement  decide  the  occurrence  of  infarcts,  and  that  the  age  of  the  individual 
and  the  rate  of  the  obliteration  of  the  vessels  are  of  great  importance  ;  and  that 
the  arteriae  telse  adiposae  may  play  a  considerable  part  in  establishing  a  collateral 
circulation  in  the  heart  of  an  aged  person. 

It  should  also  be  mentioned  that  Nussbaum  has  described  direct  arterio- 
venous anastomoses  on  the  surface  of  the  heart.  He  states  that  in  the 
walls  of  the  connecting  vessels  there  are  no  muscle  elements,  and  he 
concludes,  therefore,  that  they  are  dilated  capillaries;  Meigs  has  also  described 
these  vessels. 

Age  Changes  in  Coronary  Circulation.— There  are,  it  would  appear 
even  from  a  small  series  T)f  observations,  well  defined  and  fairly  regular  age 
changes  in  the  coronary  arteries.  These  may  be  described  as  follows  (Gross): 
(1)  There  is  an  increasing  tortuosity  of  the  vessels,  the  tortuosity  commencing 
in  the  third  decade  of  life  and  increasing  progressively ;  after  the  seventh  decade 
it  is  accentuated  by  the  general  atrophy  of  the  heart  muscle.  (2)  There  is  an 
increasing  relative  ansemia  of  the  right  side  of  the  heart.  At  birth  and  for  some 
time  afterwards  the  coronary  arteries  are  distributed   in  equal  density  on  the 
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Fig.  70a.— The  coronary  .arteries  at  birth. 

X-ray  photograph  of  the  injcrtcd  coronary  arteries  of  a  ne\vl>orn  r  hih! ;   from  .t   specimen 
prepared  h\  J.  S.  CamPL<EI.L. 
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Fig.  70b.— The  coronary  arteries  in  the  adult. 

■  M''i    "f   the   injected    coronar>'  arteries  in  a   male  let.   54;   from   a   specimen 
I"'  .    '     ^    '  AMi'HKl.l..     ./.,  first  atrial  branch  of  right  coronarj-  artery;  iff.,  atrial  branch 

of  left  «oronar>'  artcr>-  establishing  the  ring  plexus,  Ji.P.,  round  the  superior  cava  (cp.  fig.  66) ; 
X.,  a  ventricular  branch  of  the  right  coronarj*  artery  arising  alone. 
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two  sides  of  the  heart  (fig.  7U),  but  with  the  increased  activity  of  the  left  ventricle 
there  is  a  richer  expansion  of  its  blood  supply  than  occurs  over  the  right  ventricle  ; 
and  this  relative  anaemia  of  the  right  side,  commencing  definitely  about  the  end 
of  the  second  decade,  increases  progressively  with  the  age  (fig.  70).  (3)  There 
is  an  increase  in  the  amount  and  the  width  of  the  anastomoses  of  the  branches 
of  the  coronary  arteries  ;  the  anastomoses  in  the  ventricular  septum  can  be  detected 
in  injected  specimens  in  the  second  decade  and  increases  very  markedly  in  later 
life.  (4)  There  is  increasing  development  of  fat  vessels  (rami  tela;  adiposse) 
commensurate  with  the  increase  in  the  subepicardial  fat.  They  form  a  dense 
subepicardial  network  in  the  later  decades  and  may  establish  connections  with 
the  myocardial  vessels  and  assist  in  the  supply  of  the  myocardium. 

The  veins  of  the  heart  may  be  conveniently  arranged  in  three  groups  :  (1 )  The 
great  veins  of  the  heart,  venae  magnae  cordis  ;  (2)  the  small  veins  of  the  heart, 
venae  parvae  cordis;  and  (3)  the  smallest  veins,  venae  minimae  cordis. 
All  of  them  are  subject  to  considerable  variation. 

1.  Venae  Magnae  Cordis  (fig.  71).— The  great  cardiac  veins  comprise  a 
series  of  which  the  main  vessels  lie  on  the  surface  of  the  heart  under  the  epi- 
cardium  and  open  into  a  common  trunk,  the  coronary  sinus,  which  pours  its 
blood  into  the  right  atrium.  The  main  trunks  accompany  the  coronary  arteries, 
occupying  a  position  side  by  side  or  superficial  to  them ;  their  smaller  ramifica- 
tions, however,  may  be  deep  to  the  arteries.  In  the  myocardium  the  veins  are 
delicate  tortuous  channels,  vessels  up  to  -25  mm.  in  diameter  having  capillary 
endothelial  walls  ;  they  join  one  another  close  to  the  surface  of  the  heart  and 
open  abruptly  into  the  larger  superficial  trunks.  The  cardiac  veins  are  devoid 
of  valves  in  their  course,  but  at  their  junction  with  the  coronary  sinus,  with  the 
exception  of  the  oblique  vein  of  Marshall  (vena  obliqua),  they  are  provided 
with  more  or  less  complete  one-cusp  valves. 

A.  The  coronary  sinus,  a  short  thick  trunk  about  an  inch  in  length,  lies  on 
the  back  of  the  heart  in  the  left  part  of  the  coronary  sulcus.  It  receives  as  its 
tributaries  the  great  veins  from  the  surface  of  the  heart  and  it  terminates  by 
opening  into  the  right  atrium  immediately  in  front  of  the  inferior  vena  cava, 
the  orifice  being  covered  by  the  Thebesian  valve.  The  definition  of  the  left 
end  of  the  sinus  has  been  the  subject  of  considerable  discussion ;  it  is  generally 
considered  to  be,  however,  at  the  entrance  of  the  left  (or  great)  cardiac  vein, 
the  junction  being  indicated  in  the  interior  of  the  vessels  by  the  valve  of  the  vein 
(the  valve  of  Vieussens) . 

The  coronary  sinus  is  sometimes  placed  above  the  coronary  sulcus  and  then  usually  forms 
an  arch,  concave  downwards,  over  the  posterior  surface  of  the  left  atrium.  The  transition  from 
the  left  cardiac  vein  to  the  sinus  is  more  often  gradual  than  sudden,  but,  according  to  Gruber, 
a  sudden  dilatation  at  the  commencement  of  the  sinus  is  more  typical  in  the  foetus  and  the  child. 
The  wall  of  the  sinus  is  completely  surrounded  with  transversely  placed  cardiac  muscle  fibres, 
which  are,  of  course,  absent  from  the  walls  of  its  tributaries  ;  frequently,  however,  cardiac  muscle 
fibres  are  absent  from  the  distal  part  of  the  sinus.  A  few  longitudinal  fibres,  prolonged  on  to 
it  from  the  atrium,  have  also  been  described  on  the  sinus  wall. 

B.  The  left  (or  great)  cardiac  vein  (vena  cordis  magna)  commences  as  the 
anterior  interventricular  vein  near  the  apex  of  the  heart,  where  it  forms  anastomoses 
with  the  corresponding  posterior  vein,  and  ascends,  gradually  increasing  in 
size,  in  the  anterior  interventricular  groove  in  company  with  the  anterior 
interventricular  branch  of  the  left  coronary  artery.  At  the  coronary  sulcus  it 
turns  to  the  left,  and,  under  cover  of  the  left  atrial  appendix,  winds  round  the 
margo  obtusus  ;  and  having  gained  the  posterior  surface  of  the  heart  it  terminates 
in  the  left  end  of  the  coronary  sinus,  the  opening  being  guarded  by  a  valve, 
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tlir  valvr  ol'  \*ifusscns,  whith  soiiu'tiincs  is  fornujl  l»y  two  cusps.  In  the  (irst 
part  »(  its  course  it  receives  numerous  l)ran(  hes  from  the  interventricuUir  septum 
and  from  the  anterior  wall  of  the  left  ventricle,  and  smaller  branches,  including 
some  from  the  conus,  from  the  front  of  the  ri^hl  ventricle  ;  and  as  it  passes 
backwards  it  is  joined  hv  descendinj^  branches  from  the  left  atrintn  and  }>v 
as(cn(iinji  brandies  from  the  left  ventricle,  one  of  which,  vena  marginalis 
sinistra,  Ivinj^  alonji  the  left  marf,Mn  of  the  heart,  is  of  considerable  size. 

('.  The  posterior  interventricular  (or  middle  cardiac)  vein  is  of  consider- 
able size.     It  commences  at  the  ape.x  of  the  heart,  where  it  communicates  with 
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the  radicles  of  the  anterior  veins,  and  passes  upwards  in  the  posterior  inter- 
ventricular groove  to  join  the  right  vw(\  of  the  coronary  sinus,  cither  alone  or 
in  common  with  the  right  cardiac  vein.  It  receives  branches  from  the  inter- 
ventricular .septum  and  from  the  posterior  wall  of  both  ventricles;  but  many 
of  the  veins  from  the  left  ventricle  (venae  ventriculi  sinistri,  posterior  cardiac 
veins)  a.scend  on  the  posterior  surface  of  the  ventricle  and  open  independently 
into  the  coronary  sinus  along  its  lower  border. 

D.  The  right  (or  small)  cardiac  vein  is  a  slender  branch  which  collects  blood 
from  the  hinder  jiarts  of  the  riglil  atrium  and  right  ventricle.  It  runs  transversely 
in  the  right  part  of  the  posterior  coronary  sulcus  and  opens  into  the  right  end  of 
the  coronar)'  sinus,  cither  independently  or  (as  represents  an  earlier  stage  in 
development)  in  common  with  the  posterior  interventricular  vein;  occasionally 
(in  1  j)er  cent,  of  hearts,  Piquano)  it  opens  directly  into  the  right  atrium.     Not 
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infrequently  (in  20  per  cent,  of  instances,  1'iquani.)  the  right  eardia.-  vein  is 
much  hirger  in  size  and  is  then  joined  by  a  number  of  veins  which  ascend  on 
the  anterior  surface  of  the  right  ventricle  and  along  the  margo  acutus,  vena 
marginalis  dextra;  but  more  commonly  these  veins  open  independently  into 
the  right  atrium.  (See  "  Ventc  Parva;  Cordis.")  The  right  cardiac  vein  may 
lie  above  the  coronary  sulcus  on  the  wall  of  the  atrium. 

E.  The  oblique  vein  of  Marshall  (vena  obliqua  atrii  sinistrte)  is  a 
small  straight  vein  which  runs  obliquely  downwards  on  the  posterior  surface 
of  the  left  atrium  from  below  the  left  pulmonary  veins  and  opens  into  the  left 
extremity  of  the  coronary  sinus. 

The  oblique  vein,  especially  in  its  upper  part,  is  often  impervious  and  in  the  form  of  a  fihrous 
strand  which  may  be  traced  upwards  in  front  of  the  root  of  the  left  lung  into  a  fold  of  the  p.ri- 
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Fig   72.---A  diagram  of  the  heart  and  great  veins,  from  behind,  showing  the  .\rrange- 
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cardium  (vestigial  fold  of  Marshall),  and  through  it  to  the  left  superior  intercostal  vein  as  it 
crosses  the  arch  of  the  aorta.  Its  opening  in  the  coronary  sinus  is  not  provided  with  a  valve. 
The  coronary  sinus  and  the  oblique  vein  represent  the  persistent  terminal  parts  of  a  typical  left 
superior  vena  cava  (duct  of  Cuvier  with  the  left  horn  of  the  sinus  venosus)  and  may  be  so  developed. 
A  considerable  number  of  instances  are  recorded  in  which  the  left  innominate  vein,  having  been 
formed  in  the  usual  manner,  does  not  cross  the  middle  line  to  join  the  innominate  vein  of  the 
right  side,  but  is  continued  down  in  front  of  the  arch  of  the  aorta  and  in  front  of  the  root  of 
the  left  lung  to  the  heart,  where  it  receives  the  left  cardiac  vein  and  then  inclines  to  the  right  in  the 
usual  position  of  the  coronary  sinus  and  opens  into  the  right  atrium,  thus  giving  rise  to  what 
has  been  termed  a  persistent  left  superior  vena  cava  (fig.  72).  This  condition  is  normal  in  many 
animals,  and  its  occurrence  in  the  human  subject  is  due,  as  is  fully  explained  in  the  description 
of  the  mode  of  development  of  the  great  veins  in  Vol.  I.,  to  the  persistence  of  the  left  anterior 
cardinal  vein  and  left  duct  of  Cuvier  of  the  embryo.  The  fibrous  cord  mentioned  above  represents 
these  parts,  and  if  the  opening  of  the  coronary  sinus  into  the  right  atrium  be  blocked  (instances 
are  quoted  by  HuTTON,  y<?«r.  Anat.,  vol.  xlix. ;  HARRIS,  Anat.  Record,  vol.  xxxvi.;  Gruber, 
Virch.  Arch.,  Bd.  xcix.)  the  blood  from  the  heart  veins  is  conducted  to  the  left  innominate  vein 
by  the  oblique  vein  and  its  upward  continuations.  In  two  instances  the  coronary  sinus  has  been 
observed  opening  into  the  left  atrium  (Tindner.  Jeffrey)  ;    this  abnormal  termination  mu.st 
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Ih-  the  n-Mjh  cither  of  u  mul|Misition  of  thv  utrial  septnnj  or  a  secondarily  acquired  orifice  which 
has  not  yet  boon  exph»ine«i. 

The  left  niar^'inal  vein  may  run  l.a-  kwiirds  aUnc  ami  separately  from  the  left  cardiac  vein 
and  <>i>en  indeiKiulenlly  into  the  coronary  sinus.  The  veins  of  the  interventricular  septum  are 
large  and  ano-stomose  freely  with  one  another.  Mention  may  be  made  of  the  venae  telae 
adiposa^.  which  are  specially  abundant  near  the  coronary  sulcus  ;    they  join  the  suiktIk  iai  v(  in>. 

2.  Venae  Parvae  Cordis.  The  .small  veins  of  the  heart  form  a  .series  of 
which  the  main  trunks  lie  on  the  surface  of  the  heart  and  open  directly  into  the 
right  atrium  (fig.  71).  They  consist  of  (a)  three  or  four  small  veins  which  drain 
the  anterior  surface  of  the  right  ventricle,  ascending  on  it  parallel  with  one 
another  and  crossing  the  coronary  sulcus  ;  (S)  the  vein  which  ascends  along  the 
margo  acutus  (the  vein  of  Galen),  but  which  may,  as  already  .stated,  join  the 
right  cardiac  vein  :  and  (< )  one  or  two  small  veins  which  ascend  on  the  posterior 
surface  of  the  right  ventricle,  but  which  more  frequently  join  the  right  cardiac 
vein.  There  are  also  to  be  included  in  this  scries  (1)  a  vein  which  arises  on  the 
conus  arteriosus  and  runs  to  the  right  with  the  arterial  arch  at  the  junction  of 
the  conus  and  the  pulmonary  arter}- :  it  opens  into  the  right  atrium  between 
the  root  of  the  pulmonary  artery  and  the  atrial  appendix  (Cruvielhier)  ;  and 
(2)  a  vein  which  drains  the  roots  of  the  aorta  and  pulmonary  artery  and  the  over- 
lying part  of  the  right  atrial  appendix  and  which  opens  into  the  appendix 
(Zuckkrkandi). 

3.  Venae  Minimae  Cordis.— The  smallest  veins  of  the  heart  (veins  of 
Thebesius)  are  small  venous  channels  which  commence  in  the  substance  of 
the  heart  wall  and  open  directly  into  the  chambers  of  the  heart ;  in  the  heart  wall, 
as  is  explained  in  the  account  of  their  development  (p.  109),  they  communicate 
with  the  general  venous  system.  They  are  most  numerous  in  the  atria  where 
their  orifices  (the  foramina  of  Thebesius,  at  the  most  -5  mm.  in  diameter)  are 
rrndilv  sfon  :    but  there  arc  also  some  which  open  into  the  ventricles. 

The  existence  of  the  veins  of  Thebesius  has  often  been  denied,  among  others  by  Hallkr, 
Crcvielhier,  and  Lisc  iika,  who  lickl  the  foramina  of  Thebesius  to  be  merely  blind  diverticula 
of  the  endocardium.  By  various  methods  of  injection,  however  (BocUDAi.EK,  Henle,  Hvrtl, 
La.nger,  and  many  others),  the  presence  of  the  veins  as  blood  channels  has  been  shown,  first 
in  the  atria  and  sub.sequently  in  the  ventricles;  recently,  however,  Ncssbacm  has  denied  their 
presence  in  the  ventricles.  They  occur  in  greatest  number  in  the  right  atrium  and  especially  on 
the  septal  wall  in  the  region  of  the  annulus  ovalis  and  near  the  Thebesian  valve ;  in  the  left 
atrium  they  arc  not  so  numerous,  but  arc  larger.  It  is  probable  that  the  foramina  of  Lannelongue 
belong  to  this  system.  In  the  ventricles  the  foramina  of  Thebesius  are  most  frequent  at  the 
ba-ses  of  the  papillary  muscles,  in  the  region  of  the  conus  and,  according  to  Langer.  at  the  apex 
of  the  heart.  They  do  not  communicate  with  the  larger  vessels  except  by  capillary  anastomoses 
and  (ir.iin  nnlv  tin-  siibeiuiocardial  ti.s.sue  and  the  adjacent  musculature. 

Comparative  Anatomy  and  Development  of  the  Coronary  Arteries.— 
The  j)re.sence  of  coronary  arteries  is  a.ssociated  with  the  development  of  a  cortical 
myocardium.  In  fishes,  where  the  mymardium  is  almost  entirely  trabecular 
(p.  5)  and  the  blood  circulates  in  intcrtral)ecular  spaces  through  the  whole 
thickness  of  the  heart  wall,  there  is  no  coronary  circulation.  In  Amphibia  the 
musculature  of  the  atria  and  the  ventricle  resembles  that  of  the  fish  heart,  and 
there  is  no  coronary  blood  supply  to  these  parts,  though  a  ventricular  vein  is 
.sometimes  described.  The  musculature  of  the  bulbus,  however,  is  more  condensed 
and  is  supplied  with  coronary  vessels  ;  these  extend  for  a  short  distance  on 
to  the  ventriilc,  but  they  do  not  penetrate  its  wall.  In  the  reptiles  the  cortical 
myocardium  forms  a  considerable  part  of  the  heart  wall  and  there  is 
a  definite  coronary  circulation  to  it.      The  coronary  ve.s.sels,  arteries  and  veins 


THE    BLOOD   VESSELS   OF   THE    HEART  109 

are  usually  arranged  in  two  groups,  a  cephalic  group  and  a  caudal  group  :  (1)  the 
cephalic  arteries,  which  are  small,  descend  from  their  origin  from  some  of  the 
neck  arteries  along  the  bulbus  cordis  region  on  to  the  ventricle,  and  the  small 
cephalic  veins  enter  the  jugular  veins  ;  (2)  the  caudal  arteries,  which  arise  from 
branches  of  the  dorsal  aorta  and  reach  the  heart  along  the  cardiac  ligaments, 
form  the  main  blood  supply  of  the  heart.  The  large  caudal  veins  leave  the 
heart  along  the  cardiac  ligaments  and  enter  the  epigastric  veins  and  the 
ducts  of  Cuvier.  The  inner  trabecular  part  of  the  myocardium  retains  a 
Thebesian  sinusoid  (intertrabecular  space)  circulation  ;  and  between  the  two 
circulations,  coronary  and  Thebesian,  a  free  anastomosis  is  established.  In 
mammals,  with  the  disappearance  of  the  cardiac  ligaments,  the  cephalic  arteries 
become  the  sole  arterial  supply  and  their  origin  is  shifted  nearer  the  base  of 
the  heart  until  they  arise  from  the  root  of  the  aorta;  and  the  veins,  representing 
the  caudal  venous  system,  no  longer  pass  beyond  the  heart,  but  enter  the  sinus 
venosus  (coronary  sinus)  or  the  atria.  The  trabecular  muscle  of  the  mammalian 
heart  is  small  in  amount,  but  retains  a  Thebesian  circulation. 

The  development  of  the  blood  supply  of  the  mammalian  heart  has  been  studied 
by  Grant  {Heart,  vol.  xiii.,  1926)  in  the  rabbit.  The  early  trabecular 
musculature  (see  p.  58)  is  provided  with  a  Thebesian  intertrabecular  circulation, 
large  sinusoid  spaces  lined  with  endothelium  being  formed  in  the  heart  wall  ; 
and,  as  the  cortical  musculature  is  formed,  capillary  formations  grow  into  it 
from  these  spaces.  The  cardiac  veins,  which  appear  before  the  arteries,  commence 
as  outgrowths  of  the  endothelium  of  the  coronary  sinus  and  spread  first  along 
the  coronary  sulcus  to  the  bulbus  cordis  and  then  along  the  interventricular 
grooves  to  the  apex  of  the  ventricle ;  and  from  these  regions  branches  grow  over 
the  surface  of  the  heart  and,  entering  the  myocardium,  communicate  with  the 
myocardial  capillary  network  and  through  it  with  the  Thebesian  spaces.  Out- 
growths also  occur  from  the  endothelium  of  the  atria  and  become  linked  with  the 
coronary  veins  ;  they  may  retain  their  atrial  connection  and  form  the  venae 
parvse  cordis  or  ultimately  open  into  the  coronary  sinus  through  their  anastomoses. 
The  arteries  appear  as  outgrowths  of  the  base  of  the  aorta.  They  pass  at  first 
to  the  bulbus  cordis  and  then  spread  over  the  rest  of  the  heart,  uniting  as  they 
advance  with  the  capillary  network  already  formed  in  the  developing  myo- 
cardium. The  Thebesian  intertrabecular  circulation  is  much  reduced,  but 
retains  its  connections  with  the  coronary  capillary  system  and  persists  as  an 
integral  part  of  the  adult  myocardial  blood  supply.  (See  "  Venae  Minimae 
Cordis,"  p.  108.) 

The  connection  between  the  Thebesian  and  coronary  circulations  may  explain 
the  rare  anomalies  of  the  coronary  arteries  described  in  the  human  subject  by 
Blakeway  {Jour.  Anat.,  vol.  lii.),  in  the  dog  by  Schauder  {Anat.  Anz., 
Bd.  Iviii.),  and  in  the  ox  by  Reid  {Jour.  Anat.,  vol.  Ivii.).  In  them  the  anterior 
interventricular  branch  of  the  left  coronary  artery  arose  from  the  left  ventricle 
near  its  apex,  and  in  the  first  case  this  vessel  was  the  only  connection  of  the  aorta 
with  the  chambers  of  the  heart  and  through  it  alone  the  whole  systemic  circulation 
was  maintained.  The  facts  of  pathology  would  indicate  that  there  probably 
are  special  conditions  of  the  circulation  in  the  lower  part  of  the  anterior  wall 
of  the  left  ventricle. 
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THE  LYMPH  VESSELS  OF  THE  HEART 

'Ilu-  superficial  lymph  vessels  of  the  heart  lie  in  the  .subopiruniia!  fil)n>us 
tissue,  lorniiiig  there  a  i  io.se  network,  the  main  stems  of  which  follow  the  course 
of  the  hlood  vessels  ;  it  is  possible,  therefore,  to  distinguish  a  right  and  a 
left  lymphatic  field  which  correspond,  more  or  less,  with  the  arterial  fields. 
The  vessels  of  the  right  ventricle  are  collected  po.steriorly  in  a  main  trunk 
which  ascends  with  the  posterior  interventricular  arter\'  and  runs  anteriorly  with 
the  right  coronary  arter)-  in  the  coronary  sulcus,  receiving  in  its  course 
numerous  vessels  from  the  wails  of  the  ventricle.  On  the  front  of  the  heart 
it  ascends  in  the  groove  between  the  aorta  and  the  pulmonary  arten,-  and  after 
piercing  the  pericardium  in  front  of  the  aortic  arch  ends  in  the  cardiac  lymph 
glands.  The  vessels  of  the  left  ventricle  drain  into  trunks  corresponding  to  the 
branches  of  the  left  coronar\-  arten*-,  a  large  left  lymphatic  vessel  being  formed 
by  the  union  of  what  may  be  named  the  circumflex  and  the  anterior  inter- 
ventricular trunks.  This  vessel  ascends  on  the  posterior  surface  of  the 
pulmonar)-  artery  and  after  piercing  the  pericardium  behind  the  aorta  joins 
the  cardiac  glands  in  front  of  the  bifurcation  of  the  trachea.  Lymph  glands 
have  been  described  on  the  course  of  the  lymph  ves.sels  in  the  subepicardial 
fibrous  tissue;  Tandler  states  that  many  such  glands  (1  mm.  in  diameter) 
are  to  be  found  on  microscopic  examination.  A  larger  gland  (lymphoglandula 
subepicardiaca  preaortica,  Rainer),  connected  with  the  right  lymph  vessel, 
has  been  described  in  the  fatty  tissue  round  the  root  of  the  aorta  ;  Taxasesci 
describes  it  to  occur  only  in  3  per  cent,  of  hearts.  A  second  gland  (1.  subepi- 
cardiaca juxtapulmonalis,  Rainer),  connected  with  the  left  lymph  vessel,  lies 
on  the  left  side  of  the  pulmonar)-  artery ;  Tanasescu  states  that  he  found  it  in 
9  per  cent .  of  hearts . 

The  distribution  of  the  lymph  vessels  in  the  myocardium  is  by  no  means 
satisfactorily  known.  A  statement  of  some  of  the  earlier  views  is  given  in 
Vol.  IL,  Part  L,  p.  324,  and  as  is  indicated  there  the  descriptions  given  by 
Albrecht  and  by  Bock  seem  to  be  the  most  complete.  According  to  Bock, 
who.se  description  is  adopted  by  Bartels,  the  lymph  capillaries  closely  follow 
the  blood  capillaries  and  are  very  numerous  ;  while  Albrecht,  in  a  similar  way, 
has  described  large  interfascicular  vessels  and  draining  into  them  an  intermuscular 
capillary  network  which  lies  round  the  individual  muscle  elements.  Kberth 
and  Bki..\.iekk  have  stated  that  the  lymphatics  of  the  heart  are  particularly 
difticult  tr.  inji'ct  in  the  human  subject. 

The  subendocardial  network  is  den.se  and  extremely  fine-meshed.  It  is 
connected  with  the  myocardial  vessels.  Eberth  and  Bei.ajeff  state  that  there 
are  no  lymphatics  in  the  chorda:;  tendinea? ;  that  they  are  to  be  found  only  in  those 
parts  of  the  atrio-ventricular  valves  in  which  muscle  fibres  and  blood  vessels 
are  pre.sent ;  and  that  they  are  absent  in  the  arterial  valves.  Aacaarh.  however, 
in  his  recent  extensive  research,  while  able  to  demonstrate  lymph  ves.sels  in 
the  atrio-ventricular  valves  of  the  animal  heart,  was  unable  to  discover  them 
in  the  human  heart,  ("are  must  be  taken  to  distinguish  between  injected 
lymi)hatics  and  injections  of  the  connecting  system  (Aagaard). 
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THE  NERVES  OF  THE  HEART 

The  nerves  of  the  heart  are  derived  from  the  cervical  sympathetic  cords  and 
the  vagus  nerves. ^  They  arise  some  distance  from  the  heart  and  have  a  consider- 
able course  in  the  neck  and  thorax  before  they  reach  it ;  close  to  the  heart  they 
unite  to  form  the  cardiac  plexus  from  which  leashes  of  fibres  proceed  to  their 
distribution  in  the  heart  wall. 

The  sympathetic  cardiac  nerves  are  usually  three  in  number  on  each  side- 
superior,  middle,  and  inferior,  one  arising,  u.sually  by  more  than  one  root,  from 
each  cervical  ganglion  and  from  the  sympathetic  cord  adjacent  to  it.  As  they 
pass  downwards  in  the  neck  the  three  trunks  are  connected  with  one  another, 
with  the  upper  cardiac  branches  of  the  vagus,  and  with  the  superior  and  inferior 
laryngeal  nerves;  and  small  ganglia^  may  sometimes  be  found  on  them,  for 
example,  the  ganglion  cardiacum  superius  on  the  superior  trunk  immediately 
caudal  to  the  inferior  thyreoid  artery,  and  the  ganglion  cardiacum  inferius  of 
Wrisburg  on  the  left  superior  trunk  close  to  its  entrance  into  the  cardiac  plexus. 
There  are  great  individual  differences  in  the  number,  size,  and  arrangement  of 
the  sympathetic  trunks  ;  they  are  often  blended  with  one  another,  the  right 
superior  trunk  is  sometimes  absent,  or  there  may  be  a  fourth  nerve  from  the  first 
thoracic  ganglion.  (For  a  fuller  description  of  the  course,  relations,  and  varia- 
tions of  these  nerves,  see  Vol.  III.,  Part  II.,  pp.  155T58  ;  and  v.  Schum.\cher, 
Anat.  A/iz.,  Bd.  xxi.,  and  Sitzungsber.  d.  k.  k.  Akad.  d.  Wiss.  Wien.,  1902; 
Perman  ;    and  Gaskell.) 

The  (parasympathetic)  cardiac  branches  of  the  vagus  nerve  arise  from  it 
both  in  the  neck  and  in  the  thorax.  The  upper  cervical  nerves  arise  in  part  from 
the  main  trunk  and  in  part  from  the  external  laryngeal  nerve,  while  others  arise 
below  this  level.  The  thoracic  branches,  especially  on  the  left  side,  arise  very 
largely  from  the  inferior  laryngeal  nerve  ;  there  are  some  cardiac  nerves  given 
off  below  the  origin  of  the  inferior  laryngeal  nerve,  but  at  least  several  of  them 
are  distributed  to  the  pericardium.  In  their  course  to  the  heart  the  vagal  cardiac 
nerves  are  freely  connected  with  the  .sympathetic  cardiac  nerves.  (For  details  of 
the  origin  and  course  of  these  nerves,  see  Vol.  III.,  Part  II.,  p.  44.) 

Vesalius  knew  only  of  the  left  vagal  thoracic  branch  to  the  heart,  but  a  very  full  description 
of  the  cardiac  nerves  was  founded  by  the  classical  researches  of  Fallopius,  who  discovered 
all  the  cardiac  nerves,  with  the  exception  of  the  right  superior  sympathetic  branch,  and  described 
the  connections  they  have  with  one  another.  The  work  of  Fallopius  was  completed  by  WiLLIS, 
ViEUSSENs,  WiNSLOW,  and  others,  and  in  1794  Scarpa  published  his  "  Tables  of  the  Cardiac 
Nerves,"  which  contain  an  almost  exhaustive  statement.  In  the  work  of  Remak  (1844)  the 
ganglia  of  the  heart  were  described  for  the  first  time,  and  since  then  the  study  of  the  nerve  supply 
of  the  heart  has  been  concerned  with  them,  with  the  attempt  to  determine  the  distribution  of 
the  several  nerves,  and  with  the  nature  of  the  ultimate  endings  of  the  cardiac  nerves  in  the 
cardiac  muscle.     (For  further  literature,  see  Vol.  II.,  Part  I.,  and  Vol.  III.,  Part  II.) 

The  qualities  of  the  nerve  fibres  which  pass  towards  the  heart  in  man  are 
presumed  to  resemble  in  general  those  which  have  been  determined  by  experiment 
in  lower  forms.  In  them  it  has  been  shown  that  the  cardiac  nerves  contain  both 
efferent  and  afferent  fibres. 


1  Branches  from  the  hvpoglossal  nerve  may  occasionally  be  traced  to  the  cardiac  nerves, 
but  these  are  probablv  aberrant  vagal  fibres.     The  vagal  fibres  include  those  of  the  accessor}-  nerve. 

-  The  nature  of  these  ganglia  is  as  yet  undecided  ;  it  is  difficult  to  account  for  them  if  the  cell 
stations  of  all  the  sympathetic  fibres  are  in  the  inferior  cervical  and  first  thoracic  ganglia  (see  p.  1 15). 
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The  sympathetic  fibres  form  an  accelerator  or  augmentor  series,  for 
stimulation  of  them  produces  an  increase  in  the  frecjuency  of  the  heart  (which 
in  the  dog  may  be  as  much  as  50  per  cent.),  sm  increase  in  the  force  of  contrac- 
tion of  the  atria  and  ventricles,  and  a  shortening  of  the  atrioventricular  interval  ; 
thev  exercise  onlv  a  slight  tonic  influence  on  the  mammalian  heart.  The  cell 
stations  of  these  nerves  are  situated  in  the  inferior  cervical  and  first  thoracic 
ganglia  (or  the  stellate  ganglion  of  some  forms),  and  the  connector  (preganglionic) 
fibres  pass  to  the.se  ganglia  through  the  rami  communicantes  of  the  second  and 
third,  and  to  a  small  extent  of  the  first  and  fourth,  thoracic  nerves. 

The  vagal  fibres  include  some  which  when  stimulated  produce  slowing 
(or  arrest)  ot  ilic  htarl,  diminution  of  the  force  of  contraction,  and  lengthening 
of  the  atrio- ventricular  interval  ;  the  action  is  much  weaker  on  the  ventricles 
than  on  the  atria.*  The.se  fibres  form  an  inhibitory  .series.  They  exercise  a 
considerable  tonic  influence  on  the  heart,  for  after  section  of  them  there  is  an 
acceleration  of  the  pulse  rate.  The  degree  of  this  vagal  control  varies  greatly 
in  different  mammals,  yet  it  may  be  stated  (1)  that  animals  with  small  hearts 
in  proportion  to  the  body  weight  (ratio  less  than  4,  see  p.  120)  have  rapid  pulses 
for  their  size  when  at  rest,  and  section  of  the  vagus  causes  little  acceleration : 
and  (2)  that  animals  with  large  hearts  (ratio  more  than  -6)  have  slow  pulses  for 
their  size  when  at  rest,  and  section  of  the  vagus  causes  great  acceleration.  (See 
Cl.\rk  for  examples.)  In  man  vagal  control  is  greatest  in  early  adult  life 
and  least  at  the  extremes  of  life.  There  arc  also  included  in  the  vagal  fibres  some 
which,  when  centripctally  stimulated,  produce  a  fall  in  blood  pressure  and  a 
decrease  in  the  force  of  contraction  and  in  the  rate  of  the  heart  beat ;  they  form 
a  depressor  series  and  obviously  act  as  the  sensory  part  of  a  vagal 
(parasympathetic)  reflex  arc  from  the  heart.  The  depressor  nerve,  or  the  nerve 
of  Cvo.N,  is  a  distinct  structure  in  the  rabbit,  being  attached  by  two  roots  to 
the  vagus,  one  (which  is  inconstant)  to  the  main  trunk,  and  the  other  (which  is 
more  constant)  to  the  superior  laryngeal  nerve ;  in  other  mammals  it  is  a  much 
less  independent  structure,  its  fibres  being  included  in  the  other  cardiac  nerves. 
In  man  it  is  usually  held  entirely  to  lose  its  individuality  and  to  be  incorporated 
in  the  sympathetic  trunks,  but  ViTi  believes  it  to  be  represented  by  a  branch 
of  the  superior  laryngeal  nerve  which  runs  directly  or  indirectly  to  the  cardiac 
plexus;  this  branch  was  present,  he  states,  in  156  out  of  2(K)  dissections.  It  is 
.sometimes  named,  in  human  anatomy,  the  nerve  of  Hofkr.  The  path  of  these 
afferent  fibres,  which  is  a  matter  of  importance  in  the  operative  treatment  of 
angina  pectoris,  is  thus  not  yet  finally  established  ;  it  is  thought  that  they  are 
scattered  in  the  vagal  and  sympathetic  cardiac  nerves  (and  possibly  in  the 
vertebral  .sympathetic  plexus),  but  it  is  also  possible  there  may  be  a  separate 
nerve,  exclusively  depressor,  the  nerve  of  Hofer. 

A  second  group  of  sensory'  fibres  consists  of  a  series  which  pass  in  the  rami 
communicantes  and  reach  the  posterior  root  ganglia  of  the  last  cervical  and 
uj)per  four  thoracic  nerves;  they  either  end  here  or  pass  into  the  spinal  cord, 
and  are  as.sociated  with  the  cutaneous  scn.sor)-  sy.stem.  They  form  the  sensory 
part  of  a  sympathetic  reflex  arc,  and  constitute  what  is  named  a  pressor  series. 
Hoth  the  depressor  and  the  pres.sor  series,  apparently,  can  conduct  stimuli  giving 
rise  to  sensations  of  pain.  (The  literature  of  the  operative  treatment  of  angina 
pectoris  should  be  consulted  for  further  details  of  the  afferent  nerves.) 

Thf-  cardiac  plexus  receives  the  sympathetic  and  vagal  cardiac  nerves.    It 


'  This  holds  in  all  vertebrates  except  a  few  reptiles ;    and,  when  it  is  |)ossil)Ie  to  demonstrate 
it,  the  most  powerful  action  of  the  vagus  is  in  all  forms  on  the  sinus. 
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is  a  close  network  formation,  so  that  it  is  a  matter  of  difficulty  to  follow  the 
individual  cardiac  nerves  through  the  plexus  to  their  distribution,  though 
Schumacher  claims  to  have  followed  the  right  sympathetic  branches  to  the 
right  ventricle  and  those  of  the  left  sympathetic  to  the  left  ventricle;  a  similar 
bilateral  distribution  has  been  inferred  from  experimental  work  and  from  the 
distribution  of  pain  in  heart  disease.  Two  parts  of  the  cardiac  plexus  are  dis- 
tinguished, a  superficial  and  a  deep,  but  they  are  closely  connected  with  one 
another,  and  the  cardiac  nerves  which  as  a  rule  enter  one  of  them  may  sometimes 
enter  the  other.  The  superficial  cardiac  plexus  lies  in  the  concavity  of  the 
arch  of  the  aorta  between  the  ligamentum  arteriosum  and  the  right  pulmonary 
artery  and  superficial  to  the  pericardium.  In  it  there  terminate,  in  whole  or  in 
part,  two  nerves  of  the  left  side,  the  superior  sympathetic  cardiac  nerve  and 
the  lower  cervical  cardiac  branch  of  the  vagus  nerve.  The  deep  plexus,  much 
larger  than  the  superficial  one,  lies  between  the  aorta  and  the  bifurcation  of 
the  trachea.  It  consists  of  two  lateral  parts  which  are  freely  joined  by  numerous 
branches.  It  receives  the  great  majority  of  the  cardiac  nerves,  the  exceptions 
being  the  two  left  nerves  which  enter  the  superficial  plexus.  (For  further  details 
of  the  cardiac  plexus,  see  Vol.  III.,  Part  II.,  p.  164.) 

The  nerves  which  arise  from  the  cardiac  plexus  proceed  to  the  lungs  (pul- 
monary plexuses,  see  Vol.  III.,  Part  II.)  and  to  the  heart.  The  cardiac  branches 
are  small  and  contain  many  fine  non-medullated  fibres.  They  descend  to  the 
heart  in  leashes  along  the  aorta,  pulmonary  artery,  and  superior  vena  cava, 
and,  according  to  Perman,  may  be  arranged  (in  the  human  subject)  in  two 
groups,  namely  (1)  those  passing  ventral  to  the  transverse  pericardial  sinus  and 
supplying  the  ventral  surface  of  the  heart,  and  (2)  those  passing  dorsal  to  the 
transverse  sinus  and  reaching  the  atria  and  thereafter  the  greater  part  of  the  dorsal 
surface  of  the  ventricles.  On  both  groups  of  fibres  when  they  reach  the  heart 
wall,  and  especially  on  the  posterior  group,  there  are  large  numbers  of  ganglia 
interpolated  on  the  nerve  trunks  ;  so  that  there  are  formed  a  large  atrial  plexus 
on  the  back  of  the  atria,  and  an  anterior  plexus,  smaller  in  its  extent,  which  is 
distributed  in  the  form  of  coronary  plexuses  along  the  coronary  arteries  to 
the  ventricles.  The  right  coronary  plexus  is  derived  from  the  superficial  cardiac 
plexus  and  from  the  right  part  of  the  deep  plexus,  and  the  left  coronary  plexus, 
larger  than  the  right,  mainly  from  the  left  part  of  the  deep  cardiac  plexus  ;  and 
both  receive  considerable  accessions  from  the  atrial  plexus. 

The  Ganglia  of  the  Heart.— A  ganglion  in  the  ventricular  septum  of  the 
calf  was  described  by  Remak  in  1844.  The  distribution  of  the  ganglia  in 
the  heart  of  the  frog  was  subsequently  studied  in  great  detail  by  Remak,  Ludwig, 
Bidder,  and  Ranvier.  They  showed  that  the  two  cardiac  nerves  unite  on 
the  posterior  wall  of  the  pulmonary  vein  in  a  plexus  containing  ganglionic 
masses  (ganglion  of  Remak).  The  nerves  emerge  from  this  plexus  as  the 
anterior  and  posterior  nerves  of  the  atrial  septum ;  these  run  separately  in 
the  septum  and  have  on  them  ganglionic  masses  which  collectively  form  the 
ganglion  of  LuDVy^iG.  At  the  lower  end  of  the  septum  the  two  nerves  unite  again 
in  a  gangliated  plexus,  the  ganglia  being  known  as  the  ganglion  of  Bidder. 
Below  this  there  are  separate  branches  passing  to  all  parts  of  the  ventricle,  and 
as  was  shown  by  Dogiel,  ganglion  cells  are  present  on  them  throughout  their 
course  and  even  at  the  apex  of  the  heart.  The  same  wide  distribution  of  ganglia 
is  found  in  other  Amphibia  and  in  the  Reptilia.  The  distribution  of  the  ganglia 
in  the  Mammalia  has  been  very  variously  described.  All  authors  are  agreed, 
however,  that  they  are  to  be  found  throughout  the  atrial  plexus,  and  in  specially 
large  numbers  on  the  posterior  wall  of  the  left  atrium,  in  the  sulcus  terminalis, 
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unci  in  tin-  atrial  septum,  and  that  they  arc  to  Ik-  found,  tliou^'h  only  at  icrtain 
places,  in  the  superfuial  myocardium  as  well  as  in  the  subepicardial  tissue; 
and  many  specialised  collections  of  them  have  l>een  descrilwd,  especially  round  the 
orifices  of  the  great  veins,  in  several  forms.  The  earlier  descriptions  of  the 
ventricular  {ganglia  stated  that  they  were  to  he  found  along  the  course  of 
the  nerves  as  far  as  the  apex  of  the  heart  (\'ai.kI)INSKV,  Smirnow,  and  Moi.lard). 
but  niost  authors  now  restrict  their  distribution  to  the  ujjper  third  of  the  ventricles 
(Jacquks,  Docikl,  Vignal),  while  Schki.arkwsky,  Fahr,  and  Perman 
limit  them  to  the  upper  parts  of  the  interventricular  furrows;  an  even  more 
restricted  distribution  is  described  by  Kickr,  Lissaukr,  and  Woollard,  who 
hold  that  there  are  no  ganglia  on  the  ventricles,  cither  subepicardially  or  in  the 
myocardium,  the  atrioventricular  sulcus  forming  their  distal  limit.  The 
myocardial  ganglion  cells,  previously  described  by  .several  authors,  are  held 
by  LissAUER  to  be  connective-tissue  cells  (mast  cells  of  Erlich).  Dogiei,  and 
Tudor  Jo.nes  have  described  peculiar  star-shaped  cells  in  the  ventricular  sub- 
epicardium  ;  Dckuki.  holds  them  to  l)e  specialised  connective-tissue  supporting 
cells  of  the  sensory  end-plates  of  the  epicardium.  Ganglia  have  been  described 
in  the  upper  part  of  the  ventricular  septum  (Jacques,  Lissauer),  and  large 
multipolar  ganglion  cells  have  been  .shown  to  be  present  in  the  atrio-ventricular 
bundle  (Wilson). 

It  would  thus  appear  from  the  numerous  studies  which  have  now  been  made 
that  the  details  of  the  distribution  and  of  the  concentration  of  the  cardiac  ganglia 
vary  with  the  species,  and  that  they  arc  smallest  and  most  numerous  in  the  human 
heart.  It  would  al.so  appear,  however,  that  an  arrangement  in  three  groups  may 
be  defined:  (I)  A  right  group  (sino-atrial  ganglion,  Aschoff),  which  lies 
round  the  orifice  of  the  superior  cava  and  in  close  relation  with  the  sino-atrial 
node,  into  which  it  sends  numerous  fibres.  (2)  A  left  group  (atrio-ventricular 
ganglion,  Aschoff),  much  larger  and  more  scattered  than  the  right  group, 
which  lies  on  the  dorsal  wall  of  the  atria  in  the  neighbourhood  of  the  atrial 
septum,  extending  to  the  left  and  perhaps  reaching  the  left  coronary  veins,  to 
the  right  and  perhaps  concentrated  round  the  inferior  cava,  downwards  to  the 
coronary  sulcus  and  specially  gathered  near  the  orifice  of  the  coronary  sinus,  and 
in  some  forms  extending  forwards  into  the  septum.  Large  strands  of  fibres,  manv 
of  them  having  nerve  cells  on  them,  pass  from  the  ganglia  to  the  atrio-ventricular 
node  and  to  the  bundle  of  His.  (3)  A  smaller  group  (ganglion  of  the  bulbus, 
Aschoff)  which  lies  on  the  anterior  face  of  the  left  atrium  and  round  the  roots 
of  the  pulmonary  artery  and  aorta  ;  it  extends  on  to  the  proximal  part  of  the 
anterior  wall  of  the  ventricles  (Perman). 

It  has  been  shown  by  His  (junr.)  that  the  bulbar  and  ventricular  portions 
of  the  heart  are  supplied  by  the  upper  cardiac  nerves  and  the  atrial  parts  by 
ner\'es  arising  at  a  lower  level.  The  earliest  cardiac  nerves  to  be  developed 
are  branches  to  the  bulbus  cordis  from  the  vagus  and  sympathetic  of  both  sides  ; 
they  appear  about  the  beginning  of  the  fifth  week  and  form  a  bulbar  plexus 
between  the  aorta  and  the  pulmonary  trunk.  In  the  >>('\enth  weik  thev  pass  to 
the  back  of  the  atria  and  form  there  an  atrial  plexus,  which  receives  sym- 
pathetic branches  from  the  intermediate  plexus  (see  below).  The  bulbar  and 
atrial  plexuses  are  connected  by  branches  which  are  joined  by  offsets  of  both 
vagus  nerves,  the  left  recurrent  nerve,  and  both  sympathetic  cords,  the  whole 
constituting  the  intermediate  plexus.  Numerous  ganglion  cells  of  .sympathetic 
nature  (His)  are  foun<l  on  all  the  plexuses.  The  coronary  plexuses  develop 
from  the  bulbar  plexus  and  branches  from  the  atrial  plexus  spread  over  the  atria 
during  the  third  month.     The  bulbar  plexus,  in  the  definitive  condition,  is  thus 
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represented  by  the  superficial  and  part  of  the  deep  cardiac  plexus,  and  their 
anterior  offsets  with  their  coronary  branches;  the  intermediate  plexus  is 
represented  by  the  remainder  of  the  deep  cardiac  plexus,  and  the  atrial  plexus 
by  the  network  on  the  atria. 

The  cardiac  ganglia,  as  thus  described  by  His,  would  rcciuire  to  be  con 
sidered  to  be  of  two  kinds,  sympathetic  and  parasympathetic,  and  to  be  the 
ending  places  of  sympathetic  and  vagal  (parasympathetic)  nerve  fibres.  This 
conception  of  their  dual  nature  is  still  largely  held,  and  descriptions  of  specific 
differences  have  been  given  by  Mollard,  Dogiel,  Muller,  and  others.  It 
seems,  however,  to  have  been  proved  by  experimental  investigation  that  the 
cardiac  ganglia  belong  exclusively  to  the  vagal  (parasympathetic)  system,  and 
the  recent  study  by  Woollard  would  confirm  this  on  a  morphological  basis; 
the  factors  which  underlie  the  structural  differences,  which  undoubtedly  exist, 
are  still  to  be  determined.  The  matter  requires  fuller  investigation,  but  it  would 
also  appear  that  the  right  and  left  groups  of  ganglia,  which  are  related  to  the  sino- 
atrial and  atrio-ventricular  nodes  respectively,  are  the  terminal  ganglia  of  the 
right  and  left  vagus  nerves  ;  the  experimental  evidence  (Cohn,  Gauter,  Zahn) 
seems  to  establish  that  the  right  vagus  acts  chiefly  on  the  atria  and  the  left  vagus 
on  the  ventricles  (see  p.  96).  The  fibres  which  are  distributed  to  the  atria  and 
to  the  connecting  system  would  thus  be  derived  from  both  the  sympathetic  and 
parasympathetic  nerves,  while  the  ventricular  muscle,  it  would  appear,  is  supplied 
only  by  sympathetic  nerves.^ 

The  atrial  plexus  and  the  coronary  plexuses  lie  immediately  beneath  the 
epicardiura.  The  atrial  plexus  is  in  the  form  of  a  network,  while  the  coronary 
plexuses  are  distributed  with  the  coronary  arteries  over  the  surface  of  the 
ventricles.^  Numerous  branches  arise  from  the  subepicardial  plexuses.  The 
smaller  of  these  are  distributed  to  the  epicardium  and  to  the  superficial  parts  of 
the  myocardium,  while  larger  branches  pass  more  deeply  into  the  myocardium 
and  end  by  supplying  its  middle  parts  and  by  forming  a  subendocardial  plexus 
from  which  branches  pass  to  the  inner  parts  of  the  myocardium  and  to  the  endo- 
cardium. Three  planes  of  the  myocardium  are  thus  distinguished  (Jacques), 
an  external  and  an  internal,  innervated  from  the  epicardial  and  endocardial 
plexuses,  and  a  middle  plane  to  which  the  fibres  pass  directly  from  the  epicardial 
plexus.  The  motor  nerve  fibres,  which  are  non-medullated,  have  been  described 
by  Gerlach  to  form  in  the  frog  three  networks  in  the  muscle  substance,  and  the 
same  description  has  been  given  by  Fischer  for  mammals.  There  is  first  a 
"  ground  "  plexus  made  up  of  thick  strands  among  the  muscle  bundles  ;  from  this 
branches  arise  which  form  a  network  round  each  bundle ;  and  from  this  network 
there  are  given  off  the  terminal  branches  which  surround  and  end  on  the  individual 
cells  in  a  slight  enlargement  or  varicosity  which  is  applied  to  the  surface  of  the 
cell  or  penetrates  within  the  substance  of  the  cell  (intra-muscular  plexus  of 
Gerlach  and  Ranvier).  There  is,  however,  still  considerable  difference  of 
opinion  regarding  the  form  of  the  motor  endings  ;  but  the  majority  of  recent 
writers  (Boeke,  Perman,  Woollard,  Fukutake,  Marcus,  Jones)  describe  the 


^  There  is  great  difficulty  in  a  morphological  investigation  of  the  distribution  of  the  vagal 
and  sympathetic  systems  in  the  heart ;  it  is  not  only  very  difficult  to  distinguish  the  post-gangl ionic 
fibres  of  the  cardiac  ganglia  from  other  post-ganglionic  fibres,  but  also,  according  to  MiJLLER, 
at  least  70  per  cent,  of  the  pre-ganglionic  fibres  of  the  vagus  are  non-medullated. 

2  These  nerves  are  not  easily  dissected  in  the  human  heart,  but  in  other  forms  (dog,  cat,  calf) 
large  branches,  easily  seen  without  dissection,  are  directed  towards  the  apex  of  the  heart;  they 
run  more  or  less  parallel  with  one  another  and  independently  of  the  branches  of  the  coronary 
arteries. 
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niTVf  fibrils  as  passing  into  tht-  substance  of  the  muscle  cells  and  there  ending  in  a 
variety  of  fornis,  in  the  interpretation  of  which  the  whole  question  of  the  relation 
of  nerve  and  muscle  is  involved.  (It  is  a  significant  fact  in  this  respect  that 
intramuscular  nerve-endings  have  not  been  described  in  the  connecting  systems.) 
In  fishes,  amphibians,  and  reptiles,  the  nerve-endings  are  said  to  be  di.stributed 
over  the  greater  part  of  the  cell,  while  in  mammals  the  final  branch  is  restricted 
to  a  comparatively  small  part  of  it  near  the  nucleus  (Smirnow). 

Sensorv  nerve-endings  have  been  described  in  all  the  layers  of  the  heart  wall. 
In  the  epicardium  and  endocardium  their  number  is  extraordinarily  great,  and 
s|XHMalised  end-plates  have  been  described  in  both  layers.  (See  \'ol.  II.,  Part  I. ; 
Wooi.iwVRD;  JoNKs  ;  HoKKE.)  In  the  myocardium  there  are  numerous  ner\'e- 
endings  of  less  definite  form  in  the  connective  tissue  which  are  Ixrlievcd  to  be 
sensory  structures. 

Chromaffin  tissue  is  said  to  occur  in  the  coronary  sulcus.  W'ikskl  ("  Die 
Krkraiikungen  arterieller  Gefiisse  im  Verlange  akuter  Infectionen,"  Zeiisch.  f. 
//li/kundf,  1907)  has  described  a  small  chromaffin  body,  3  or  4  mm.  long,  close 
to  the  origin  of  the  left  coronary  artery  ;  he  states  that  it  is  to  be  found  more 
often  in  the  young,  and  that  in  children  other  small  nests  of  chromafllin  cells 
are  to  be  discovered  in  the  coronarv  sulcus. 


POSITION  OF  THE  HEART 

The  heart  is  situated  in  the  thorax,  forming  there  the  chief  part  of  the  median 
thoracic  septum,  the  mediastinum,  which  extends  from  the  vertebral  column 
behind  to  the  sternum  in  front  and  separates  the  two  pleural  chambers.  The 
heart  lies,  therefore,  between  the  lungs.  It  is  nearer  to  the  front  than  the  back 
of  the  chest,  but  for  the  most  part  is  separated  from  the  anterior  thoracic  wall 
by  the  pleura;  and  the  thin  anterior  margins  of  the  lungs  (fig.  73).  It  is  enveloped, 
with  the  adjacent  parts  of  the  two  aortac  and  the  great  veins,  by  a  membranous 
covering,  the  pericardium,  which  intervenes  between  it  and  the  neighbouring 
structures. 

The  base  of  the  heart  lies  opposite  the  fifth,  sixth,  seventh,  and  eighth  thoracic 
vertebra:,  from  which  it  is  separated  by  the  pericardium  and  the  oesophagus 
and  descending  aorta.  The  diaphragmatic  surface  rests  on  the  diaphragm. 
The  anterior  (sternocostal)  surface  may  be  depicted  on  the  anterior  surface  of 
the  thorax  in  relation  to  the  sternum  and  the  costal  cartilages,  the  area  of  the  chest 
wall  so  related  to  the  heart  being  named  the  precordial  region. 

The  greater  part,  fully  two-thirds,  of  the  bulk  of  the  heart  lies  to  the  left  of  the 
median  plane  (fig.  73).  The  right  atrium  lies  behind  the  sternal  ends  of  the 
third,  fourth,  fifth,  and  sixth  right  costal  cartilages  and  the  intervening  portions 
of  the  intercostal  spaces,  and  is  also  partly  covered  by  the  right  edge  of  the 
sternum  ;  and  the  right  margin  of  the  heart,  which  it  forms,  is  represented  by 
a  cur\'ed  line  from  the  upper  edge  of  the  third  costal  cartilage,  a  quarter  to  half 
an  inch  from  the  border  of  the  sternum,  to  the  lower  border  of  the  sixth  costal 
cartilage  three-quarters  of  an  inch  from  the  border  of  the  sternum,  the  greatest 
convexity  of  the  cur\e  being  in  the  fourth  intercostal  space  and  one  inch  from 
the  border  of  the  sternum.  The  point  of  the  right  auricular  appendage  is  behind, 
or  even  slightly  to  the  left  of,  the  middle  line  on  a  level  with  the  third  costal 
cartilages.  The  left  atrium  extends  vertically  from  the  lower  border  of  the  second 
'•  •''  <  ostal  cartilage  to  the  upper  border  of  the  fourth  cartilage,  its  left  margin 
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I'dSmoN    OK   TIIK    HEART 


tiiiiniMi;  till-  uppiT  part  of  thr  Idl  bonli-r  ol  tlit-  heart,  llu-  ,i|j(.\  iA'  its  auricular 
appciulapc  is  bchiml  the  tliird  costal  cartilage,  about  an  inch  and  a  quarter  to 
the  left  of"  the  margin  of  the  sternum.  The  right  ventricle  lies  behind  the  sternum 
and  the  third  to  the  sixth  cartilages  of  the  left  side.  Its  middle  and  lower  part 
is,  as  a  rule,  the  only  part  of  the  heart  uncovered  by  the  lungs,  and  this  area, 
the  area  of  ab.solute  dullness,  may  be  marked  off  by  two  lines  drawn  from  the 
position  of  the  ape.x  beat  to  the  middle  line  of  the  sternum,  one  line  running 
horizontally  and  the  other  extending  obliquely  upwards  to  between  the  fourth 


Fir..  74.     .\  i)i.\c.KAM  TO  snow   riiK  relations  of  thk  hkart  and  c.rrat  vksski.s 

TO   TIIK    SKKI.ETON    OF   THK   ANTERIOR   WALL   OF    THE    THORAX. 
M,  mitral  orifiri- ;    T,  tricuspid  orifice. 

costal  cartilages;  but  .sometimes,  especially  tluring  expiration,  a  small  portion 
of  the  left  ventricle  near  the  apex  is  al.so  exposed.  The  lower  border  of  the  heart 
(margo  acutus),  which  is  formed  chiefly  by  the  right  ventricle,  passes  from  the 
sternal  end  of  the  sixth  cartilage  on  the  right  nearly  transversely  behind  the 
.seventh  right  cartilage,  the  sterno-xiphoid  junction,  and  the  .seventh  and  sixth 
left  cartilages,  to  meet  the  left  margin  at  the  apex  of  the  heart  in  the  fifth  space  ; 
the  line  thus  drawn  should  be  slightly  convex  upwards.  The  left  ventricle  forms 
a  narrow  strip  along  the  left  margin  (margo  obtusus)  of  the  heart.  This  margin, 
curvetl  convexly  to  the  left,  extends  from  the  apex  of  the  heart  in  the  fifth  space 
to  the  third  space  an  inch  from  the  left  border  of  the  sternum  (ventricular  part),  and 
above  thi>^  to  the  lower  liorder  of  the  second  cartilatrr  halfan  inch  from  the  border  of 
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ihc  sternum  (atrial  part).  The  apex  of  the  heart  is  situated  in  the  fifth  left  inter- 
costal space  three  and  one-half  to  four  inches  from  the  middle  line,  and  just  within 
a  line  drawn  vertically  downwards  from  the  nipple  ;  the  nipple,  however,  varies 
so  much  in  its  position  that  the  relation  between  the  apex  of  the  heart  and  the 
nipple  line  is  not  constant.  The  position  of  the  apex  beat,  the  point  of  maximum 
impulse  of  the  heart  on  the  chest  wall,  does  not  coincide  with  the  apex  of  the 
heart ;    it  lies  about  half  an  inch  medial  to  it  in  the  fifth  interspace. 

The  coronary  (atrio-ventricular)  sulcus  corresponds  with  a  line  drawn  obliquely 
downwards  from  the  sternal  end  of  the  third  left  cartilage  to  the  sternal  end  of 
the  sixth  right  cartilage  (fig.  73).  The  atrio-ventricular  openings  lie  parallel 
with  and  slightly  below  the  line  of  the  coronary  sulcus.  The  right  (tricuspid) 
orifice  lies  behind  the  middle  of  the  sternum  on  a  level  with  the  fourth  intercostal 
space  and  the  fifth  cartilage,  and  the  left  (mitral)  orifice,  not  so  obliquely  placed, 
lies  behind  the  left  part  of  the  sternum  opposite  the  fourth  left  costal  cartilage. 
The  orifice  of  the  pulmonary  artery  is  placed  immediately  to  the  left  of  the 
sternum  at  the  upper  edge  of  the  third  cartilage  and  the  pulmonary  trunk  extends 
up  to  the  second  cartilage.  The  aortic  orifice  is  behind  the  left  half  of  the  sternum 
on  a  level  with  the  lower  border  of  the  third  cartilage  ;  it  is  a  little  below  and  to 
the  right  of  the  pulmonary  orifice,  by  which  it  is  covered  to  the  extent  of  one-fourth 
of  its  diameter,  and  it  lies  exactly  behind  the  upper  part  of  the  infundibulum  of 
the  right  ventricle.  The  aorta  passes  upwards  and  to  the  right  behind  the  sternum 
to  the  medial  end  of  the  second  right  costal  cartilage. 

The  position  of  the  heart  varies  individually.  In  children  the  heart  is  rehitively  broader  and 
projects  more  to  the  left  side  of  the  chest  than  in  the  adult,  so  that  the  apex  beat  is  often  to  be 
felt  in,  or  even  lateral  to,  the  nipple  line;  in  old  persons  the  heart  frequently  occupies  a  much 
lower  position  than  that  described  above.  The  position  is  also  influenced,  though  only  slightly, 
by  the  respiratory  movements  and  by  the  posture  of  the  body ;  in  inspiration,  when  the  diaphragm 
sinks  and  the  lungs  expand,  the  heart  recedes  slightly  from  the  chest  wall ;  and  it  comes  more  into 
contact  with  the  anterior  wall  when  the  body  is  in  the  prone  position  or  is  lying  on  the  left  side. 
X-ray  examination  has  shown  that  the  base  of  the  heart  and  roots  of  the  lungs  are  moved  down- 
wards and  forwards  in  inspiration  so  that  the  base  of  the  heart  is  separated  by  a  greater  distance 
from  the  vertebral  column.     In  the  dead  the  heart  is  a  little  higher  in  position  than  in  the  living. 


DIMENSIONS  OF  THE  HEART 

The  various  dimensions  of  the  adult  heart  are  matters  of  clinical  and  patho- 
logical importance,  and  they  are  not  without  some  theoretical  interest.  All 
of  them,  it  will  be  noted  from  the  figures  which  are  given,  show  considerable 
ranges  of  variation,  but  while  there  are  certain  modifying  factors,  it  may  be  said 
that  in  general  the  dimensions  of  the  heart  are  related  to  the  weight  of  the  body 
and  to  the  musculature  of  the  individual.  There  are  necessarily,  therefore,  con- 
siderable differences  in  the  sexes,  the  heart  being  smaller  in  all  its  dimensions 
in  the  female,  and,  of  course,  there  are  great  differences  at  different  ages. 

Weight  of  the  Heart.— The  weight  of  the  healthy  adult  heart  (the  aorta 
and  the  pulmonary  artery  having  been  cut  across  close  to  the  heart  and  the  heart 
having  been  opened  and  washed)  is  in  the  male  on  an  average  11  to  12  oz.  (310 
to  340  gms.),  the  range,  however,  being  from  9  to  15  oz.  (255  to  420  gms.), 
and  in  the  female  10  to  11  oz.  (280  to  320  gms.),  the  range  being  from  7  to  14  oz. 
(200  to  400  gms.).  The  following  figures  have  also  been  given  (Table);  there 
are  many  others,  ranging  within  wide  limits  (see  Tandler),  but  often  the 
technique  of  the  measurement  is  not  indicated  and  it  is  doubtful  how  far  the 
figures  can  be  compared. 
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WEIGHT  OF  THE  HEART 


Male. 

BOI.LINUKR            .... 

JlNCKKR    

GocKE 

Kai.man.somn    .... 
Blossfei.d        .... 

:t4U  urns. 

:»4s     .. 
340      ,. 
332       „ 

34.;     „ 

Female. 


275  pms. 
2m     .. 
273 

2«54       ,. 
3l(t 


The  weight  of  the  heart  in  the  adult  (male  and  female)  is  thus  on  an  average 
310  gms.,  but  it  varie.s  from  200  to  420  gms.  (210  to  450  gms.,  Hf.nle).  It 
has  long  been  known,  in  the  study  of  this  wide  range  of  size,  that  greater  body 
weight  is  as.sociated  with  greater  heart  weight,  that  is,  that  the  weight  of  the 
heart  increases  with  the  body  weight ;  but,  it  is  also  known,  the  increase  is  in 
a  diminishing  ratio,  so  that  with  a  higher  body  weight  the  proportional  weight 
of  the  heart  is  lower.  This  is  clearly  shown  in  the  following  table  (from  Clark, 
where  further  references  are  to  be  found;  see  also  Joseph,  /our.  Ext>.  Med., 
vol.  X.,  where  a  list  of  the  important  papers  is  to  be  found). 

HEART  RATIOS 


Small  Animals. 

Large  Animals. 

Body  Weight. 

Heart  Ratio. 

•404 
•4r)2 
•424 
•485 
•509 
■013 
•943 

Body  Weight. 

1 
Heart  Ratio. 

Frankonian  sheep 
Southdown  sheep 
Oxen          .... 
Bulls          .... 

Cows             .... 

Men            .... 
Dogs           .... 

4r,-n   kil. 

37-(»  ., 
()59  0  .. 
478-(t  .. 
44.-)-(»       .. 

470  .. 
413     ., 

53  4  kil. 

408  .. 
8380  „ 
829  0  .. 
530  0    .. 

08  0     .. 

15  3     .. 

■420 
•429 
•387 
•3(54 
•408 
535 
•685 

1 

II  Heart  weight     .^rt 

Heart  ration      ^  -  x  100. 

Body  weight 

The  heart  ratios  in  man  exprcsseil  in  this  table  are  '613  and  -535,  that  is, 
the  proportion  of  heart  weight  to  body  weight  is  1  :  163  and  1  :  1S7  ;  many  other 
figures  have  been  given,  the  extremes  of  which  are  the  proportions  of  1  :  150 
(Wkbkr)  and  1:240  (Robinson),  representing  ratios  of  -66  and  -12.  In 
most  of  the  published  results  the  individual  measurements  arc  not  given,  but 
the  figures  in  the  table  above  suggest  that  in  man  (and  in  the  ox,  bull,  and  cow) 
the  heart  weight  varies  as  (body  weight)"**,  while  in  the  sheep  and  dog,  on  the 
other  hand,  the  heart  weight  varies  as  (body  weight)"'*.  The  figures  for  several 
other  species  (mice,  rats,  rabbits)  and  for  the  human  during  the  early  years  of 
life  also  suggest  that  (when  the  compari.son  is  made  between  animals  of  the 
same  species  but  of  different  weights)  the  heart  weight  varies  as  (body  weight)"'*'. 
It  is  probable  that  in  man  (and  in  cattle),  in  which  the  heart  weight 
increases  only  as  (body  weight)"'',  that  the  extra  body  weight  in  the  heavier 
individuals  is  largely  fat ;  and  that,  therefore,  as  was  long  ago  suggested,  the 
musculature  of  the  individual  is,  for  heart  size,  the  important  element  of  the  body 
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weight.  This  lad  is  cstablislicd  l)y  an  cxainiiialion  of  the  hcarl  ratios  of  animals 
of  different  modes  of  life  (Table,  from  Clark),  for  it  is  then  clearly  shown 
that  those  animals  which  are  capable  of  severe  and  continued  muscular  work  have 
much  higher  ratios  than  those  animals  which  depend  for  their  safety  up(jn  holes 
or  other  inactive  means. 

HEART  RATIOS  IN  ANIMALS 
Deer     ....       llf)  Guincu-pif^     .  .  .      -42 


Wolf 
Fox 
Seal 
Hare 


lOl 
•92 
•92 

•77 


Norwegian  rat 
Wild  boar       . 
Hedgehog 
Rabbit  . 


•  + 
•39 
•38 
•3 


It  has  also  been  shown  that  in  the  same  species  animals  distinguished  for 
muscular  work  have  larger  hearts  than  less  active  animals  ;  thoroughbred  race- 
horses and  greyhounds  have  larger  heart  ratios  than  ordinary  horses  and  dogs 
(Hesse,  Zool.Jahrb.  Abt.  Allg.  ZooL,  38,  1921),  and  the  hearts  of  wild  animals 
are  larger  than  those  of  confined  animals  (Robinson,  1748).  There  is  still 
some  dispute  as  to  whether  enlargement  of  the  heart  can  be  induced  in  the 
individual  by  muscular  exercise,  but  experimental  work  in  animals  (see  Clark 
for  references)  and  X-ray  examinations  in  man  strongly  support  the  view  that 
an  increase  can  be  induced  ;  in  man  the  increase  is  most  evident  in  long-distance 
runners,  cyclists,  and  swimmers  (Bardeen,  "  Determination  of  the  Size  of  the 
Heart  by  X-rays,"  Amer.  Jour.  Anat.,  vol.  xxiii.,  1918;  Diethlen,  "  Moderne 
Methoden  der  Kreislaufs  Diagnostik,"  1925).  It  must  be  further  added  that 
from  the  observations  of  Strohl  on  alpine  and  moor  ptarmigan,  and  of  Hesse 
on  squirrels  from  areas  of  different  mean  temperature,  it  appears  that  animals 
living  at  high  altitudes  or  in  cold  climates  have  higher  heart  ratios  than  similar 
animals  living  at  low  altitudes  or  in  warm  climates. 

At  birth  the  heart  weighs  on  an  average  13J  drachms  (21  gms.,  Muller;  23 
to  24  gms.,  Vierordt),  and  its  proportion  to  the  body  weight  is  1  :  120  (Meckel), 
1 :  130  (in  the  last  edition  of  this  work),  and  1 :  132  (Vierordt)  ;  on  these  figures  the 
heart  ratio  is  -83,  -77,  -70.  The  difference  between  these  figures  and  those  for  the 
adult  (mean  ratio,  say,  -55)  is  not,  therefore,  very  great ;  for  the  higher  circulatory 
needs  of  the  young  (and  of  small  animals  generally)  are  principally  met  by  the 
higher  pulse  rate.  There  is  at  first  a  definite  decrease  in  the  rate  of  growth  of 
the  heart,  which  is  probably  associated  with  the  loss  of  the  placental  circulation, 
but  thereafter  the  weight  of  the  heart  increases  rapidly  during  the  first  years 
of  life,  closely  following  the  curve  of  the  increase  of  the  body  weight  in  the  ratio 
of  (body  weight)"- S;  it  then  grows  more  slowly  until  the  approach  of  puberty 
when,  with  the  great  increase  of  the  voluntary  musculature,  another  period  of 
more  rapid  growth  sets  in ;    this  is  shown  in  the  following  table  :— 

WEIGHT  OF  HEART  (in  grams) 


MiJLLER. 

Vierordt. 

JUNCKER. 

At  birth 
,,     1  year 
,.     2  years 
„     4     ,. 
,,     6  to  10  years 
„    11   „  li     „ 
.,   15  „  20     „ 

21 
32 

42 

62 

82  to  103 

119  ,,  126 

215  „  236 

23  to  24 
33  „  41 

51 

69  to  74 

87  „  130 

125  „  173 

200  „  298 

36 
45 
64 

1  •_>:.• 
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Alter  ailult  aigi-  is  ri-achrd  tlic  luarl  coiuimic^  lo  increase  in  weight,  arcordinj; 
t<i  MOi.LKR,  HizoT.  and  (ii.KNDiNMNC,,  until  about  70  years  of  age  ;  according 
t«)  Hknkki.  it  increases  until  r>U  years,  remains  stationary  until  70  years, 
and  increases  slightly  afterwards;  and  according  to  Thoma  it  increases 
until  3.')  years,  remains  constant  until  15  years,  and  thereafter  increases  until 
••'>  years. 

In  stales  of  experimental  inanition  in  rats  (Jackson,  .h/tcr.  Juur.  Ann/., 
vol.  xviii.)  the  heart  loses  weight  in  nearly  the  same  jjroportion  as  the  whole 
hcxly  ;  in  conditions  of  wasting  in  man  the  heart  loses  weight  in  a  smaller 
proportion  than  the  body  and,  therefore,  increases  in  relative  weight  (Aschoff. 
P,if/i    Annf  .  \U\.  n. 

The  Volume  of  the  Heart.  The  volume  of  the  heart  was  found  by  Hkneke 
to  increase  with  age,  at  first  rapidly  and  then  gradually.  Thus  in  the  newborn 
infant  the  average  volume  is  22  c.c. ;  at  the  fifteenth  year  it  is  150  to  160  c.c.  : 
and  at  the  twentieth  year  about  250  c.c.  After  this  it  inc  reases  but  slowly  up 
to  the  fiftieth  year,  at  which  time  its  volume  is  280  ex.  (I'.XJ  to  322  c.c,  Hknle  ; 
218  to  358  c.c,  Kraisk  ;  260  to  310  c.c,  Renkkk)  ;  subsequent  to  this  there  is 
a  gradual  slight  diminution.  The  volume  is  about  the  same  in  the  two  sexes 
up  to  the  age  of  puberty,  but  after  puberty  it  is  25  to  30  c.c  larger  in  the  male. 
On  account  of  the  obvious  difficulties  of  the  investigation  these  several  statements 
can  only  bo  regarded  as  a]i])roximatc. 

Measurements  of  the  Heart.  Linear  measurements  of  a  flaccid  organ 
like  the  heart  are  subject  to  so  many  accidental  variations  that  they  are  of  little 
value,  but  it  is  generally  considered  to  be  about  b\  in.  long  in  its  greatest  length, 
3i  in.  in  its  greatest  width,  and  3  in.  in  its  extreme  thickness  from  the  sternal 
to  the  diaphragmatic  surface.  Very  similar  though  slightly  higher  figures 
are  given  by  C'kuviklhikr  and  Henle,  while  according  to  Hoffmann 
the  limits  of  the  normal  measurements  are  as  follows  :  greatest  length,  125 
to  150  mm.;  greatest  breadth,  90  to  130  mm.;  and  greatest  thickness,  53  to 
80  mm. 

The  Atrio- Ventricular  Orifices.— The  circumference  of  these  orifices  may 
be  a«(  urutely  measured  by  jjas>ing  through  them  graduated  wooden  cones ; 
their  average  dimensions  are  given  below,  the  limits  inserted  being  those  within 
which  the  results  of  most  writers  fall. 

CIRCUMFERENCE  OF  THE  ATRIO-VENTRICULAR  ORIFICES 

(in  mm.) 


RiRht  orifice       .... 
Left  orifice         .... 

Male. 

122 
(IHt  to  128) 

(»9  to  112) 

Female. 

11. -> 
(inti  tn  120) 

UK) 
(t».3  to  103) 

The  right  orifice  is  thus  larger  than  the  left  in  the  proportion  100  :  84  (KM)  :  80, 
Tandi.er).  At  birth  the  right  orifice  measures  28-5  mm.  and  the  left  orifice 
26-5  mm.  (Creutzfeldt).  They  vary  together  in  size,  and,  as  is  shown  in 
the  following  measurements  of  Creutzfeldt,  they  definitely  increase  in  size 
after  fifty  years  of  age. 


DIMENSIONS    OF   TilK    HKAR'l'  | 

CIRCUMFERENCE  OF  THE  ATRIO-VENTRICULAR  ORIFICES  (in  mm. 

Left  Orifi(c. 


20  to  40  years 
40  „  50     „ 
50  years 


Right  Orifice. 


Male. 


123-5 
126-6 
131-7 


P'emalc. 


111-0 
118-8 
122  0 


Male. 


109-1 
11 10 
115-0 


Female. 


96-2 
l(K)-2 
103-2 


It  has  already  been  pointed  out  that  during  life  these  orifices  are  not  circular 
in  shape,  so  that  their  diameter  and  surface  area  can  be  only  relatively  determined. 
On  the  figures  given  above  the  average  diameters  and  areas  are  as  follows  :^ 


• 

Diameter  (in  mm.). 

Area  (in  sq.  mm.). 

Male. 

Female. 

Male. 

Female. 

Right  orifice       .          .     ■     . 
Left  orifice 

39      . 
32 

36 
31 

1,194 

855 

1,017 
804 

The  surface  area  of  the  cusps  of  the  tricuspid  valve  has  been  given  as 
2,378  sq.  mm.  in  the  male  and  2,001  sq.  mm.  in  the  female,  and  of  the  mitral 
valve  as  1,868  sq.  mm.  in  the  male  and  1,434  sq.  mm.  in  the  female 
(Creutzfeldt).  The  surface  area  of  the  atrio- ventricular  valves  is  thus  much 
greater  than  the  area  of  the  atrio-ventricular  orifices,  the  proportion  of  the  valve 
area  to  orifice  area  being  on  the  right  side  1  : 1  -4  to  1  : 1  -8,  and  on  the  left  side 
1  : 1-5  to  1  :2-2. 

The  Arterial  Orifices.— The  following  are  the  measurements  of  the  arterial 
orifices  ;  the  higher  figures  of  the  circumference  measurements  are  taken  from 
Peacock's  tables,  and  the  other  measurements  are  calculated  from  them. 

MEASUREMENTS  OF  ARTERIAL  ORIFICES 


Circumference 
(in  mm.). 

Area. 

Diameter 
(in  mm.). 

Male. 

Female. 

Male. 

Female. 

Male. 

Female. 

Aorta 
Pulmonary  artery 

70  to  81 
72  „91 

64  to  76 
66  ,,  89 

530sq.mm. 
660      „ 

452  sq.mm. 
615      ,, 

26 

29 

24 

28 

The  pulmonary  orifice,  all  writers  are  agreed,  is  larger  than  the  aortic  orifice, 
in  the  proportion  of  100:88-5  (Peacock);  Buhl  gives  the  proportion  at  the 
sinuses  of  Valsalva  as  100:92-5,  and  Beneke  the  proportion  of  the  arteries 
at  1  cm.  above  the  margin  of  the  valves  as  100:98.     At  birth  the  pulmonary 
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1 

PF.AroCK. 

BiZOT. 

KJKht 
Wntriclc. 

Left 
Ventricle. 

Right 
Ventricle. 

Left 
Ventricle. 

At  l.a.sr 

Middle 

Near  aiHX        ..... 

2-8 
4-2 
2-8 

1 10 

12  8 

r)-4 

41 
31 
2-2 

in-2 

10-9 
8-2 

arliTv  iiuMMiro  2."i-7  mm.  and  the  .lorla   1H-|   inm.  (IIknkkk).     Tin-  aita  ul  ihc    , 
tro.ss   .seiiion   of  the  aorla   ha.s    btrn   .shown   !<•  \.nv  as    nif.irt    weight)  "•*:    for 
monsun'mcnts  and  references,  see  Ci-.ark. 

Dimensions  of  the  Ventricles       The  average  thickness  of  the  walls  of  the 
right  and  left  ventricles  is  shown  in  the  following  table:  — 

THICKNESS  OF  WALLS  OF  VENTRICLES  (in  mm   . 


The  muscular  part  of  the  septum  is  between  U  mm.  and  12  mm.  thick,  and 
the  ])ars  membranacea  scpti  about  1-5  mm.  thick. 

During  the  later  months  of  foetal  life  the  muscular  walls  of  the  two  ventricles 
are  of  equal  bulk,  but  after  birth  the  right  wall  grows  much  less  than  the  left,  so 
that  at  the  end  of  the  second  year  the  left  is  twice  the  bulk  of  the  right,  a  proportion 
which  is  thenceforward  maintained  ;  in  the  adult  (of  50  to  70  kilos  body  weight) 
the  weight  of  the  left  ventricle  is  1.57-7  gms.  and  of  the  right  ventricle  77-5  gms. 
(.Mii.i.KK).  The  comparison  of  the  weights  of  the  right  and  left  ventricles  gives 
the  functional  index  of  the  heart ;  on  MOller's  figures  (obtained  by  a  method 
in  which  the  interventricular  septum  is  divided)  this  is  -508  in  the  male  and  -506 
in  the  female.     Other  methods  of  calculating  this  index  are  described  by  Ci..\rk. 

The  Capacity  of  the  Heart.  The  capacity  of  the  different  chambers  of 
the  heart  has  been  a  matter  ul  interest  since  classical  times;  Robi.n  {Jour,  dc 
r Anit.  tt  de  la  P/iys.,  1861),  in  an  historical  review  of  the  subject,  has  given  an 
account  of  the  various  conclusions  which  have  been  reached.  There  has  been, 
it  would  appear,  from  early  times  almost  a  consensus  of  opinion  that  the  right 
chambers  of  the  heart  are  slightly  more  capacious  than  the  left  chambers;  and 
certainly  in  the  ordinary  modes  of  death  the  right  ventricle  is  always  found  more 
capacious  than  the  left  ventricle,  containing  much  more  blood-clol  and  being 
less  fully  contracted,  and  the  right  atrium  is  generally  more  capacious  than  the 
left  atrium.  It  has  been  maintained,  however,  apparently  in  view  of  the  fact  that 
the  volume  output  of  the  two  sides  of  the  heart  must  be  the  same  over  even  a 
short  period,  that  during  life  the  capacity  of  the  two  sides  of  the  heart  cannot 
be  different  ;  and  the  difference  which  is  found  after  death  has  been  explained 
by  supposing  a  regurgitation  of  blood  from  the  lungs  into  the  right  ventricle, 
and  in  other  ways.  The  measurements  obtained  by  Hiffklsheim  and  Robin 
(by  injecting  the  cavities  with  wax)  are  as  follows  : — 

CAPACITY  OF  THE  CHAMBERS  OF  THE  HEART 


Ri(;ht  utriuin 
Rif;ht  ventricK  . 


HM»  to  iHoc.c. 
ItMi  ,.  2.10  I.e. 


Left  atriiun     . 
Left  ventricle 


1(X)  to  1.30  c.c. 
14.3  .,  212  c.c. 


The  capacity  of  the  atria  is  here  shown  to  be  smaller  than  the  capacity  of  the 
ventricles  and  the  left  chambers  smaller  than  the  right;    the  difference  in  the 
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capacity  of  the  ventricles  need  not,  of  course,  affect  the  volume  of  the  output, 
for  it  is  probable,  as  already  suggested  (p.  65),  that  the  amount  of  blood  remaining 
in  the  right  ventricle  at  the  end  of  systole  is  greater  than  the  amount  remaining 
in  the  left  ventricle.  The  classical  belief  that  some  of  the  water  of  the  blood 
is  evaporated  in  the  lungs  to  saturate  the  expired  air,  that  the  blood  loses  bulk 
in  its  passage  through  the  lungs,  and  that  therefore  the  left  ventricle  is  necessarily 
smaller  than  the  right,  receives  an  interesting  confirmation  if  it  prove  correct, 
as  has  been  stated,  that  the  specific  gravity  of  the  blood  in  the  right  ventricle 
is  lower  than  that  of  the  blood  in  the  left  ventricle  (Terry,  Anat.  Record,  vol. 
xxxvi.).  The  presence  of  blood  in  the  right  ventricle  after  death  is  probably 
due  to  the  fact  that  the  right  atrium  is  ultimum  moriens. 

The  Heart  in  Pregnancy.— It  was  first  enunciated  by  Larcher  (1828) 
that  the  heart  is  enlarged  during  pregnancy,  the  enlargement  being  chiefly 
of  the  left  ventricle  to  meet  the  increased  requirements  of  the  mother 
and  the  needs  of  the  foetus,  and  that  it  returns  to  its  normal  size  during  lactation. 
The  fact  of  this  enlargement  has  been  denied,  but  the  consensus  of  opinion 
(DucREST,  Engel,  Beneke,  Dreysel,  Oliver)  now  is  that  there  is  a 
slight  increase  (about  6  per  cent.)  in  the  size  and  weight  of  the  heart  up  to 
the  time  of  parturition.  (For  tables  of  heart  weights  at  different  periods  of 
pregnancy  and  lactation,  see  Dreysel,  Miinch.  med.  Abhand.  Arb.  a.  d.  path. 
Instit.,  1  Reihe,  H.  3,  and  Tandler).  It  has  also  been  shown  by  X-ray  examina- 
tion that  the  area  of  the  superficial  surface  of  the  heart  is  increased  during 
pregnancy.  The  increase  is  greater  in  younger  than  in  older  women.  It  has 
been  determined  that  in  pregnancy  the  ventricular  systole  is  stronger  and  the 
contents  of  the  heart  are  discharged  under  higher  pressure  (Oliver,  Brit.  Med. 
Jour.,  vol.  i.,  1927) ;  if  there  is  no  hypertrophy  then  some  other  mechanism 
must  be  called  into  play.  Many  patients  are  thus  conscious  only  during  pregnancy 
of  cardiac  deficiency. 


ABNORMALITIES  OF  THE  HEART 

Abnormalities  in  the  conformation  of  the  heart  are  common  conditions. 
Many  of  them  are  slight  departures  from  the  normal  and  they  give  rise  to 
no  apparent  disability,  though  it  has  been  suggested  that  they  shorten  the 
duration  of  life;  others  are  definitely  associated  with  disability  and  early  death. 
Some  are  of  such  gravity  that  though  the  heart  may  function  during  the  early 
months  of  life  it  cannot  meet  the  demands  of  the  exertion  of  learning  to  walk,  and 
death  occurs  in  the  first  or  second  year ;  while  others  depart  so  greatly  from  the 
normal  that  they  are  inconsistent  with  an  extra-uterine  existence.  Numerous 
instances  of  all  the  types  of  abnormality  are  recorded  in  anatomical  and  other 
literature,  and  there  is  a  large  index  of  them  in  the  Catalogue  of  the  Surgeon- 
General  of  the  United  States  Army ;  more  systematic  accounts  are  given  by 
Peacock,  Rokitansky,  Theremin,  Keith,  Monckeberg,  Schwalbe,  and 
Laubry  and  Pezzi.  It  is  proposed  here  only  to  summarise  the  more  common 
defects  and  to  omit  both  morphological  and  clinical  discussions. 

The  early  heart,  it  will  be  remembered  (p.  16),  consists  of  the  following  parts 
from  the  posterior  to  the  anterior  end— sinus  venosus,  atrium, atrial  canal,  ventricle, 
and  bulbus  cordis  ;  and  it  assumes  its  definitive  conformation,  apart  from  its 
growth,  as  the  result  of  two  processes  :  (1)  the  incorporation  of  some  of  the  chambers 
into  others,  and  (2)  the  formation  of  septa  in  the  chambers  so  that  they  are  divided 
into  right  and  left  halves.     The  sinus  venosus,  as  has  been  described,  is  absorbed 
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into  thr  rij^ht  atrium,  the  atrial  canal  is  overgrown  by  the  atrium  and  the  ventricle, 
and  the  hulbus  cordis  is  included  in  the  right  ventricle,  while  the  formation 
of  septa  (Hcurs  in  the  atrium,  atrial  canal,  ventricle,  and  hulhus  cordis.  The 
ahnomialities  of  the  heart  are  conveniently  described  as  failures  or  defects  of 
these  two  developmental  processes,  .so  that  they  may  be  classified  as  (1)  failures 
or  defects  of  the  processes  by  which  one  part  is  incorporated  with  another,  and  (2) 
failures  or  defects  in  the  formation  of  the  .septa. 

1.  Failures  or  Defects  in  the  Incorporation  of  the  Sinus  Venosus 
Failures  of  the  in( orporation  of  the  sinus  vxikjsus  itUo  iIk-  right  atrium  art- 
extremely  uncommon,  for  the  ab.sorption  occurs  at  an  early  period  (fifth  week)  of 
development ;  and  they  are  usually  associated  with  other  grave  cardiac  malforma- 
tions incompatible  with  an  extra-uterine  life.  Examples  of  this  condition  are 
described  by  Ai.fandary  and  Papiklian.  The  sinus  venosus  in  these  cases 
persists  as  a  separate  chamber  of  the  heart.  It  forms  a  small  sac  on  the  posterior 
surface  of  the  atrium,  and  receives  the  inferior  cava,  the  right  and  left  superior 
cavje,  and  independently  the  cardiac  veins  from  the  ventricles,  the  coronary'  sinus 
being  represented  by  the  terminal  part  of  the  left  superior  cava.  The  pulmonary 
veins,  which  are  usually  unabsorbed  into  the  left  atrium,  may  appear  al.so  to  open 
into  the  sinus,  but  an  examination  of  the  interior  demonstrates  that  the  common 
pulmonary  stem  opens  into  the  common  atrium  on  the  left  side  of  the  sino- 
atrial orifice.  This  orifice,  oval  in  shape  and  rather  vertical  in  position,  is 
bounded  at  the  sides  by  folds  which  represent  the  right  and  left  venous  valves. 
The  atrial  septum  is  represented  by  a  rudiment  of  the  septum  primum.  There 
is  a  single  atrio-ventricular  orifice.  The  ventricular  and  bulbar  parts  of  the 
heart  may  be  normal. 

Remains  of  the  venous  valves,  as  has  already  been  described  (p.  32),  are 
often  to  be  found  on  the  atrial  septum.  There  are  a  few  records  of  more  complete 
persistence  of  the  valves  (Keith)  ;  they  bound  an  orifice  between  two  parts 
of  the  right  atrium,  the  posterior  being  the  sinus  part  and  receiving  the  vena? 
cavcC  and  the  coronary  sinus,  and  the  anterior  having  opening  out  of  it  the  right 
atrio-ventrirular  orifice. 

1*.  Failures  or  Defects  in  the  Incorporation  of  the  Pulmonary  Veins 
in  the  Left  Atrium.  The  vestibular  part  of  the  left  atrium  is  formed  by  the 
expansion  and  absorption  into  the  heart  of  the  common  stem  and  proximal  parts 
of  the  pulmonar\-  veins  (pp.  13  and  11).  This  process  may  fail  to  occur 
and  the  four  pulmonary  veins  then  unite  into  a  common  stem  which  opens  into 
the  back  part  of  the  left  atrium  proper;  Kkith  describes  three  such  cases.  An 
incomplete  absorption  explains  those  ca.ses  in  which  an  abnormal  .septum  is 
present  in  the  left  atrium  at  the  junction  of  the  atrium  proper  and  the  vestibule 
and  divides  it  into  two  parts,  a  posterior  which  receives  the  pulmonary  veins 
and  an  anterior  into  which  the  appendix  opens  and  in  the  floor  of  which  there 
lies  the  atrioventricular  orifice.     (Sec  Pottkr  and  Ranson,  /f///r.  ./;/<;/..  l'.*()1.) 

3.  Failure  or  Defects  in  the  Incorporation  of  the  Bulbus  Cordis.  A 
large  number,  probably  nearly  70  per  cent.,  of  the  malformations  of  the  heart  are 
due  to  a  failure  or  arrest  of  the  incorporation  of  the  bulbus  cordis  in  the  ventricular 
part  of  the  heart.  (On  the  details  of  the  process  of  the  incorporation  of  the  bulbus, 
.see  p.  19,  and  especially  Kkith,  Lancet,  vol.  ii.,  10(»9  ;  and  ibid.,  vol.  ii.,  1924.) 
Several  varieties  of  this  defect  may  be  recogni.sed. 

{a)  There  may  be  an  almost  complete  arrest  in  the  development  of  the  bulbus 
cordis.  The  infundibular  part  of  the  right  ventricle  is  then  a  mere  slit,  though 
the  body  of  the  ventricle  is  well  developed.  The  orifice  of  the  pulmonary  artery 
is  represented  by  a  fibrous  mass,  which  mav  be  impervious  or  perforated  by  a 
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small  opening,  round  which  the  rudiments  of  the  pulmonary  valve  can  be  dis- 
tinguished;  and  the  pulmonary  artery  is  absent  at  its  commencement  or  is 
represented  by  a  fibrous  thread.  An  interventricular  foramen  is  always  present. 
The  ductus  arteriosus  is  patent  in  30  per  cent,  of  cases  (Keith)  ;  if  it  is  occluded 
then  the  pulmonary  circulation  is  maintained  by  the  bronchial  arteries  and 
numerous  accessory  branches  of  the  intercostal  arteries  which  may  be  equal  in 
size  to  the  radial  artery. 

(^)  The  bulbus  may  be  present  but  have  undergone  no  expansion,  thus 
producing  a  congenital  pulmonary  stenosis.  The  infundibular  part  of  the  right 
ventricle  is  here  a  small  fusiform  cavity,  the  opening  of  which  into  the  body 
of  the  ventricle  is  constricted  either  by  a  fibrous  ring  or  by  a  circular  thickening 
of  the  endocardium.  The  pulmonary  valves  are  often  fused.  An  interventricular 
foramen  is  usually  present. 

A  congenital  pulmonary  stenosis  may  be  entirely  due,  however,  to  fusion 
of  the  pulmonary  valves,  there  being  no  developmental  arrest  in  the  expansion 
or  incorporation  of  the  bulbus  in  the  ventricle.  The  valves  form  an  inverted 
cup-shaped  diaphragm,  perforated  in  the  centre  by  a  larger  or  smaller 
opening. 

(r)  The  bulbus  may  be  normally  developed  but  imperfectly  incorporated  in 
the  right  ventricle.  There  is  then  a  constricting  muscular  ring  between  the 
infundibular  part  and  the  body  of  the  ventricle,  the  margin  of  the  ring  being 
fibrous  tissue  ;  and  the  orifice  between  the  two  parts  may  be  as  small  as  4  mm. 
in  diameter.  The  ring  is,  of  course,  but  an  exaggeration  of  the  normal  muscular 
ring  between  the  inflowing  and  outflowing  parts  of  the  ventricle  of  which  the 
moderator  band  and  supraventricular  crest  form  parts  (p.  50).  The  infundibular 
part  of  the  ventricle  is  usually  dilated,  and  in  the  body  there  is  nearly  always 
an  interventricular  foramen. 

{d)  Transposition  of  the  Arterial  Stems. — In  this  rather  uncommon  mal- 
formation the  pulmonary  artery  arises  from  the  left  ventricle  and  the  aorta  arises 
in  front  of  it  from  the  infundibulum  of  the  right  ventricle,  that  is,  there  is  a 
transposition  of  the  arterial  stems  to  the  opposite  ventricle.  (A  recent  case  is 
described  by  Harris,  Anat.  Record,  vol.  xxxvi.)  This  condition,  according  to 
Keith,  is  due  to  a  reversal  of  the  atrophic  and  expansion  processes  in  the  bulbus, 
the  pulmonary  part  undergoing  an  abnormal  atrophy  and  the  aortic  part  an 
abnormal  expansion.  It  is  interesting  to  note  in  these  cases  that  the  septal  cusps 
of  the  aortic  valve  are  still  the  coronary  cusps,  and  are  therefore  posterior  in 
position.  There  is  usually  a  stenosis  of  the  pulmonary  orifice.  The  right  heart 
in  these  cases  is,  of  course,  entirely  a  systemic  heart  and  the  left  heart  a  pulmonary 
heart,  and  if  an  extra-uterine  life  is  to  be  possible  the  septa  of  the  heart  must  be 
incomplete  or/and  there  must  be  a  free  connection  between  the  systemic  and 
pulmonary  veins  ;  the  interventricular  septum  is,  therefore,  undeveloped  or  there 
is  a  large  interventricular  foramen,  and  the  foramen  ovale  is  widely  open  or  the 
atrial  septum  is  incompletely  formed.  The  ductus  arteriosus  is  usually  patent, 
and  there  is  a  very  free  communication  between  the  pulmonary  arteries  and  veins 
and  the  bronchial  system  (Keith). 

{e)  Aortic  ^'/^//^.r/i-.— Congenital  aortic  stenosis,  a  fusion  of  the  aortic  cusps 
and  constriction  of  the  aortic  orifice  comparable  to  the  pulmonary  stenosis  described 
above,  is  uncommon,  but  several  cases  are  described  by  Theremin.  A  condition 
of  complete  atresia  of  the  aortic  orifice,  with  a  cord-like  condition  of  the  ascending 
aorta,  has  been  described ;  it  is  associated  with  a  small  left  ventricle,  a  patent 
ductus  arteriosus,  and  a  patent  foramen  ovale  conducting  from  the  left  to 
the  right  atrium.     (See  V,\.\y.v.,  Jour .  Anat.,  vol.  xxxv.)     A  subaortic  stenosis, 
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due  to  a  constricting  band  of  subcndwardial  fibrous  tissue  round  the  left  ventricle 
just  below  the  aortic  orilice,  is  a  recognised  though  very  rare  abiKinnality. 

1.  Failures  or  Defects  in  the  Formation  of  the  Cardiac  Septa.  (<i) 
Th(  Alrial  Septum.  '\\\c  formation  (jf  the  atrial  >cpluin  ha>  been  described 
(p.  .*i7),  and  three  foramina  which  may  be  present  in  it,  representing  defects 
in  its  completion,  have  also  been  described  ;  these  foramina  are  the  foramen 
ovale,  the  foramen  primum,  and  a  foramen  above  and  behind  the  foramen  ovale, 
the  presence  of  which  it  is  difficult  to  explain.  The  atrial  septum,  however,  may 
be  entirelv  or  almost  entirely  ab.sent,  there  being  then  a  common  atrial  chamber 
in  which  the  rudiment  of  the  septum  primum,  projecting  as  a  ridge  from  the 
jKisterior  wall  and  adjacent  parts  of  the  roof  and  floor,  may  or  may  not  be  present. 
There  may  be  nothing  in  the  external  appearance  or  size  of  the  atrium  to  suggest 
the  abnormality,  both  atrial  appendages  being  well  developed  ;  but  usually 
there  is  a  single  atrio-vcntricular  orifice,  confined  to  the  left  part  of  the  common 
atrium,  and  sometimes  the  ventricular  and  bulbar  septa  are  al.so  absent.  The 
condition  is  not  incompatible  with  life,  but  is  fatal  in  early  childhood.  (Full 
descriptions  of  specimens  are  given  by  Symington,  Jour.  Ana/.,  vol.  xxxiv.  : 
Rudolf,  ibid. ;    Paterson,  ibid.,  vol.  xli.) 

{b)  The  Atrial  Cana/.— The  right  and  left  atrioventricular  orifices  are 
separated  from  one  another  by  a  fusion  of  the  anterior  and  posterior  endocardial 
cushions  of  this  region  (p.  58) ;  but  this  fusion  may  fail  to  occur  and  a  common 
atrio- ventricular  orifice  persists.  This  abnormality  is  rare  and  is  usually 
associated  with  other  grave  cardiac  defects  and  always  with  the  presence  of  a 
foramen  primum  in  the  atrial  septum,  the  lower  margin  of  which  forms  a  free 
crescent  arching  over  the  atrio-ventricular  opening.  The  atrio-ventricular  valve 
in  these  cases  usually  consists  of  three  cusps,  the  anterior  mitral  cusp  being  fused 
with  the  anterior  tricuspid  cusp  and  the  posterior  mitral  cusp  with  the  septal 
tricuspid  cusp. 

U)  The  Ventricular  Septum.— The  formation  of  the  ventricular  septum  and 
the  closure  of  the  interventricular  foramen  by  the  pars  mcmbranacea  .septi  are 
described  on  p.  GO.  The  ventricular  part  of  the  membraneous  septum  may 
fail  to  form,  so  that  an  interventricular  foramen  persists.  The  size  of  the  persistent 
foramen  varies  from  a  pin-hole  to  an  inch  in  diameter.  It  is  bounded  below  by 
the  muscular  ventricular  .septum,  above  by  the  aortic  orifice,  anteriorly  by  the 
interbulbar  .septum,  and  posteriorly  by  a  band  of  fibrous  tissue  derived  from 
the  endocardial  cu.shions  of  the  atrial  canal  and  lying  below  the  non-coronary 
cusp  of  the  aortic  valve  ;  and  through  it  the  "  inflowing  "  part  of  the  right  ventricle 
discharges  part  of  its  contents. 

The  muscular  part  of  the  .septum  (.septum  inferius  of  His)  is  probably  never 
entirely  absent,  though  it  may  be  .so  very  imperfectly  developed  or  occupy  so 
abnormal  a  position  that  the  heart  may  be  well  described  to  be  monoventricular. 
If  the  .se])tum  is  poorly  developed  it  forms  a  muscular  ridge  between  the  lower 
j)arls  of  the  right  and  left  ventricles;  as  a  rule  it  is  much  nearer  the  right  wall. 
Its  upper  concave  edge  is  free  and  bounds  a  large  interventricular  foramen. 
The  bulbar  and  atrial  septa  may  also  be  ab.sent,  there  being  then  a  single  arterial 
orifice,  usually  the  aorta,  arising  from  the  right  (bulbar)  part  of  the  ventricle, 
and  a  common  atrio-ventricular  opening  into  the  left  part  of  the  ventricle;  such 
a  heart  was  named  in  an  older  terminology  a  bilocular  heart.  If  the  pulmonary 
orifice  is  also  present  it  is  usually  steno.sed ;  and  in  some  cases  there  is  a 
transposition  of  the  arterial  stems. 

A  much  more  rare  abnormality  is  that  in  which  the  septum  inferius  is  so 
close  to  one  wall  of  the  h«'art  that  the  ventricle  appears  to  consist  of  a  single 
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cavity.  In  these  cases  the  suppressed  cavity,  which  may  be  either  the  right  or 
the  left  ventricle,  exists  as  a  cleft  in  the  wall  of  the  larger  cavity  and  communicates 
with  it  over  the  upper  edge  of  the  septum  ;  if  it  is  the  right  ventricle  which  is 
suppressed  the  defect  may  be  only  of  the  body  of  the  ventricle,  the  infundibular 
part  being  well  developed.  The  atrio-ventricular  orifice  of  the  suppressed  cavity 
is  obliterated,  or  at  the  least  greatly  stenosed.  The  foramen  ovale  persists  in 
the  atrial  septum.  A  single  or  double  arterial  orifice  is  present,  but  if  two 
vessels  exist  one  is  usually  constricted  ;  and  the  ductus  arteriosus  remains  patent. 
Instances  of  this  condition  are  described  by  Lawrence,  Jour.  Anat., 
vol,  XXXV.  ;  and  Young,  ibid.,  vol.  xli. 

Foramina  in  the  muscular  part  of  the  ventricular  septum  have  been  described, 
but  are  uncommon. 

{d)  The  Bulbar  Septum. — A  foramen  may  be  present  in  the  bulbar  septum 
and  form  a  communication  between  the  infundibulum  of  the  right  ventricle 
and  the  aortic  canal  of  the  left  ventricle  ;  it  lies  above  the  position  of  the  inter- 
ventricular foramen.  The  septum  which  divides  the  bulbus  and  the  truncus 
arteriosus  may  not  be  developed,  so  that  there  is  a  single  arterial  orifice  and  a 
single  arterial  stem .  In  these  cases  the  pulmonary  arteries  spring  from  the 
aorta.  It  appears  Wc;ll  established  that  the  single  arterial  orifice  is  guarded  by 
three  semilunar  cusps,  though  from  the  developmental  history  of  the  parts  four 
cusps  would  be  expected;  (see  p.  61 ;  a  case  is  described  by  Keith,  Jour, 
Anat.,  vol.  xxxiii.). 


THE  PERICARDIUM 

The  pericardium  is  the  fibro-serous  sac  in  which  the  heart  is  contained.  It 
is  conical  in  shape,  its  base  resting  on  the  diaphragm  and  its  upper  narrow  part 
surrounding  the  trunks  of  the  great  vessels  for  some  distance  from  the  heart. 
Its  wall  consists  of  three  layers:  (1)  The  fibrous  pericardium,  a  strong 
and  resistant  fibrous  sac  which  protects  the  heart  from  the  surrounding  structures. 
This  layer  fuses  with  the  diaphragm  below  and  with  the  outer  coats  of  the  great 
vessels  above.  (2)  The  serous  pericardium,  a  typical  serous  membrane  which 
lines  the  inner  surface  of  the  fibrous  pericardium  and  is  fixed  to  it  by  subserous 
tissue  ;  from  the  fiibrous  pericardium  the  serous  layer  is  inflected  along  the  great 
blood  vessels  to  the  heart,  which,  as  already  described,  it  invests  as  the  epicardium. 
The  cavity  of  the  serous  sac  is  the  pericardial  cavity.  (3)  The  fibrous  peri- 
cardium is  fixed  to  the  surrounding  structures  by  a  layer  of  epipericardial 
fibrous  tissue.  This  tissue  varies  in  texture,  being  small  in  amount  and  areolar 
at  some  places  and  thick  and  ligamentous  at  others,  and  forming  there  strong ' 
ligaments  which  fix  the  pericardium  to  the  surrounding  parts  ;  these  ligaments 
specially  attach  the  pericardium  to  the  diaphragm*,  the  sternum,  and  the 
vertebral  column. 

It  is  most  convenient  first  to  describe  the  fibrous  pericardium  and  its  attach- 
ments to  the  surrounding  parts. 

The  fibrous  pericardium  is  a  dense  unyielding  membrane  composed  of 
bundles  of  fibrous  tissue  which  interlace  in  every  direction ;  in  its  deeper  layers 
there  is  a  network  of  elastic  fibres.  The  interlacement  is  best  seen  on  the  posterior 
wall,  where  the  bundles  are  almost  tendinous  in  appearance;  the  fibres  of  the 
anterior  wall  are  more  parallel,  and  the  surface  has  a  white  glistening  fibrous 
appearance.  The  thickness  of  the  membrane  varies,  the  thinnest  places  being 
where  the  great  vessels  break  through  it ;    at  these  places  it  is  continued  round 
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the  vessels  in  the  form  of  tul)ular  prolongations  which  gradually  become  lost 
on  their  external  coats,  so  that  it  is  scarcely  possible  exactly  to  decide  the  phur 
of  transition.  The  pulmonary  artery  and  the  aorta,  the  superior  vena  cava, 
anil  the  four  pulmonary  veins  receive  investments  of  this  kind.  The  fibrous 
pericardium  is  attached  below  to  the  upper  surface  of  the  diaphragm,  partly  to  the 
central  tendon  and  partly  to  the  muscle  surface  of  the  left  side  (fig.  75).  The 
connection  is  very  firm  in  front  near  the  middle  line,  the  tissues  of  the  pericardium 
and  diaphragm  being  continuous ;  elsewhere  the  attachment  is  more  lax  and 
is  effected  mainly  by  areolar  tissue. 

The  fibrous  pericardium  is  a  strut  turc  sui  generts.  that  i.s,  it  is  an  incie|)ondent  fibrous- 
tissue  stratum  ami  not  imnly  a  condensation  of  the  cndothoracic  fascia  as  has  sometimes  been 
maintained  ;  it  receives  many  accessions  from  the  fibrous  tissues  surrounding  it,  but  these  may 
l>e  removed  and,  as  at  the  parts  which  receive  no  accessions,  it  may  be  disj)laycd  as  a  definite 
stratum. 

The  lateral  surfaces  and  part  of  the  anterior  surface  of  the  pericardium  are  covered  by  tht 
mediastinal  pleune.  The  union  l>ctween  the  two  layers  is  close,  there  being  only  a  little  fibrous 
tissue  interposed  ;  but  along  the  phrenic  vessels  and  ncr\'e,  which  intervene,  the  fibrous  tissue 
is  looser  and  may  even  contain  a  little  fat. 

The  pleural -free  triangular  part  of  the  anterior  surface  of  the  pericardium  which  lies 
Ix'hind  the  lower  part  of  sternum  and  the  adjacent  left  costal  cartilages  (p.  llfi)  is  covered  by 
loose  cellular  tissue  which  extends  to  the  overlying  chest  wall.  This  precardial  tissue  contains 
fat  in  variable  amount,  but  usually  in  some  quantity  in  the  lower  parts  where  the  diaphratjm  is 
attached  to  the  sternum  ;  and  in  it  there  is  a  median  sagittally  placed  band,  the  inferior  sterno- 
pericardial ligament,  which,  however,  is  sometimes  weakly  developed.  It  is  attached  in 
tront  in  the  region  of  the  sterno-xiphoid  junction  and  extends  upwards  and  backwards  and  gradu- 
ally loses  itself  on  the  pericardium.  At  a  higher  level,  in  the  region  of  the  third  intercostal 
space  and  lictween  the  two  pleurae  which  here  are  close  together,  the  fibrous  tissue  forms  a  septum 
in  which  thickenings  (middle  sternopericardial  ligament,  Lvschka)  have  lieen  descrilK-d. 
Above  this  position  the  anterior  surface  of  the  pericardium,  covering  the  front  of  the  arterial 
trunks,  is  again  free,  and  there  is  attached  to  it  in  the  middle  line  the  superior 
sterno-pericardial  ligament.  This  ligament  is  attached  in  front  to  the  posterior  surface 
of  the  manulirium  sterni  at  the  insertion  of  the  sterno-thyreoid  muscles  and  on  the  lateral  sides 
of  this  to  the  first  costal  cartilages;  further,  some  of  its  fibres  (the  chief  part  of  the  ligament. 
Debierre  and  Tr.amblin)  are  derived  from  the  middle  (pre-tracheal)  layer  of  the  cer\-icai 
fascia,  and  especially  from  that  part  which  surrounds  the  thymus  gland. 

The  base  of  the  pericardium  rests  on  the  upper  surface  of  the  diaphragm  and  is  adherent 
to  it  over  a  triangular  area  about  10  cm.  broad  at  its  base  in  front  and  5  to  ti  cm.  from  front  to 
back.  Along  the  front  of  this  area  and  at  the  anterior  part  of  the  right  side  the  diaphragmatic 
fascia  is  continued  into  the  pericardium  so  that  the  pericardium  and  tlie  diaphragm  are  intimatelv 
united ;  this  connection  forms  the  phrenico-pericardiai  ligament.  Over  the  remaining 
part  of  the  area  of  adherence,  which  corresponds  to  the  central  part  of  the  tendon  of  the  diaphragm, 
except  on  the  left,  where  it  extends  for  a  short  distance  on  to  the  muscle  (fig. 75).  the  union  Itetween 
the  two  structures  is  much  less  close,  the  diaphragmatic  fa.scia  la-ing  continued  upwards  into 
the  cellular  tissue  round  the  aorta  and  the  oesophagus. 

In  most  mammals,  the  exceptions  being  the  anthrojxiids,  some  aquatic  forms,  and  a  few 
isolated  sjH'cies  (p.  11).  there  is  no  union  between  the  ]>erii-anh\nn  and  th«-  diajjhragm.  for 
the  right  pleural  sac  extends  between  them  as  the  infra-pericardial  sinus  ;  this  rece.ss  is 
occupied  by  the  infra-cardial  lol)e  of  the  right  lung.  The  entrance  to  the  sinus  is  l>ounded 
vcntrally  by  the  inferior  vena  cava  and  dor.sally  by  the  o-sophagus  (fig.  75).  In  the  gibbon 
the  anterior  part  of  the  sinus  is  obliterated,  but  the  dorsal  part  persists  and  contains  a  small 
lung  rudiment;  in  the  chimpanzee  and  the  orang  there  is  a  small  slit  like  dorsal  part  of  the 
sinus  which  is  unoccupied;  while  in  the  gorilla,  as  in  man,  the  obliteration  is  complete.  The 
infra-pcricardial  sinus  is  a  secondary  formation,  for  in  the  early  stages  of  development  the 
distal  wall  of  the  pericardium  is  fused  with  the  anlagt-  of  the  diaphragm.  In  man  the  sinus 
is  obliterated  (on  account  of  the  shortening  of  the  thorax.  T.\NJA,  RfOE),  but  not  infrequently 
a  small  lung  lobule  is  to  be  seen  extending  Ixrhind  the  inferior  vena  cava  into  a  short  recess 
between  the  diaphragm  and  the  pericardium,  and  though  the  lobule  be  absent  the  recess  may 
lie  pr<'sent  and  contain  fat  and  lymph  glands.  There  must  be  distinguished  from  this  recess 
the  infra-cardiac  bursa,  which  is  the  persistent  cranial  end  of  a  diverticulum  of  the  bursa 
omentalis  (Brom.vn  »  and  which  lies  on  the  right  side  and  on  the  anterior  wall  of  the  oesophagus  ; 
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in  the  development  of  the  diaphragm  it  is  separated  from  the  bursa  omentalis  and  usually  dis- 
appears  at  the  end  of  foetal  life  (Ravn,  Hochsetter  ;   and  for  a  fuller  description  see  Zsciiokki- 
Atiat.  A?iz.,  Bd.  lui.)- 

The  base  of  the  pericardium,  as  is  shown  in  fig.  75,  reaches  backwards  to  the  anterior  circum- 
ference of  the  orifice  in  the  diaphragm  for  the  inferior  vena  cava.  From  here  the  pericardium  is 
as  It  were,  wrapped  round  the  cava  from  in  front,  its  lower  edges  sloping  upwards  and  backwards 
on  each  side  of  the  vessel,  so  that  on  its  posterior  wall  there  is  a  A-shaped  area  which  lies  outside 
the  pericardium  (fig.  77).  The  fibrous  pericardium  is  attached  to  the  cava  along  this  line  the 
posterior  attachment  being  the  least  strong,  especially  in  children  where  the  right  and  left  halves 
of  the  pericardium  can  be  separated  ;  and  its  fibres  gradually  fuse  with  the  adventitia  of  the  vein 
Hernial  protrusions  of  the  serosa  are  often  to  be  found  in  this  region.  On  the  right  side  of  the 
inferior  vena  cava  there  are  to  be  seen  fibrous  bands  of  tendinous  nature;  the.se  constitute 
the  right  phrenico-pericardial  ligament  (of  Teutleben).  This  ligament  is  attached  below 
to  the  diaphragm  on  the  right  margin  of  the  caval  orifice  and  passes  vertically  upwards,  more  or 
less  covering  the  right  side  of  the  cava,  and  is  inserted  into  the  pericardium  on  which  its  fibres 
may  be  traced  as  far  as  the  root  of  the  lung ;  here  it  is  usually  described  to  divide  into  two  parts, 
one  of  which  is  continued  in  front  and  the  other  behind  the  root  of  the  lung.  Smaller  and  less 
constant  bands  pass  to  the  pericardium  from  the  left  and  posterior  margins  of  the  r;iv;tl  forMmen  ; 
the  posterior  bands  sometimes  contain  muscle  fibres.     The  left  phrenico-pericardial  ligament 


Aorta. 


I?if.  vena  cava.  ^ 


(Esophagus . 


Fig.  75.— The  upper  surface  of  the  diaphragm  with  the  area  of  adherence  of  the 
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(of  Teutleben)  is  the  name  given  to  a  rather  weakly  developed  tract  of  fibres  which  is  attached 
to  the  left  margin  of  the  central  tendon  of  the  diaphragm  and  ascends  on  the  left  surface  of  the 
pericardium  as  far  as  the  root  of  the  left  lung.  It  is  much  less  easily  defined  than  the  right 
ligament. 

The  posterior  surface  of  the  pericardium  is  in  contact  with  the  organs  of  the  posterior 
mediastinum  and  is  bound  to  them  by  very  loose  connective  tissue.  In  this  tissue  various 
thickenings  have  been  described  as  special  ligaments;  among  others,  bands  are  said  to  pass 
from  the  oesophagus  and  from  the  margin  of  the  oesophageal  opening  in  the  diaphragm  to  the 
pericardium  (lig.  oesophago-pericardiaca),  from  the  trachea  at  its  bifurcation,  and  from  the  left 
bronchus. 

The  apical  part  of  the  fibrous  pericardium  is  continued  upwards  round  the  great  vessels, 
the  arteries  and  the  veins,  and  ultimately  fuses  with  their  fibrous  coats;  the  line  of  fusion  is 
irregular,  that  is,  the  several  vessels  are  enclosed  for  different  lengths  within  the  fibrous  sac. 
The  superior  vena  cava  is  enclosed  for  a  distance  of  about  3-5  cm. ;  the  aorta  is  enclosed  for  a 
distance  of  6  to  7  cm.,  the  line  of  fusion  being  at  the  level  of,  or  a  little  below,  the  origin  of  the 
innominate  artery ;  the  pulmonary  artery  is  covered  in  front  up  to  about  the  level  of  its  bifurca- 
tion, that  is,  for  a  distance  of  about  5  cm.,  while  behind  the  pericardium  reaches  the  lower 
border  of  its  right  branch  and  there  divides  into  two  layers,  one  of  which  passes  below  the  branch 
and  fuses  with  its  wall  and  the  other  passes  over  its  posterior  surface  to  reach  the  aorta  (fig.  76) ; 
and  the  extensions  on  the  pulmonary  veins  from  the  side  parts  of  the  pericardium  are  short  but 
ven'  variable.  Passing  to  the  apical  part  of  the  pericardium  there  are  the  vertebro-pericardial 
ligaments.  These  bands  apparently  are  extremely  variable  in  their  form,  attachments,  and 
size;    but,  according  to  Teutleben,  who  gave  the  fullest  description  of  them,  they  arise  from 
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the  prcvcrtrhral  fn.stia  over  the  lower  cervical  and  upper  thoracic  region  and  pass  downwards, 
one  on  each  side,  to  the  arch  of  the  aorta  where  they  divide  into  two  sets  of  fibres ;  the  superficial 
tilires  cross  the  aorta  and  terminate  in  the  anterior  part  of  the  apical  region  of  the  pericardium, 
while  the  deep  fibres  descend  to  the  root  of  the  lung  and  terminate  partly  in  it  and  partly  on 
the  iH-ritardium.  becoming  continuous  there  with  the  phrenico -pericardial  ligaments.  Many 
investigators,  it  should  l>c  said,  have  been  unable  to  identify  ligaments  conforming  to  this 
description. 

The  serous  pericardium,  or  tlic  pcrirardium  proper,  has  the  general 
character.N  ul  a  .serous  nieinhraiie.  It  may  he  described,  therefore,  as  a  closed 
sac,  which  is  invaginated  by  the  heart,  so  that  two  parts,  continuous  along  the 
lino  of  invagination,  may  be  distinguished;  these  parts  are  (1)  thi  parietal 
layer  which  lines  the  inner  surface  of  the  fibrous  pericardium  and  is  closely 
adherent  to  it ;  and  (2)  the  visceral  layer  (the  epicardium)  which  invests  the 
surface  of  the  heart  and  ensheaths,  or  p.irtly  ensheaths,  the  great  ves.sels  (fig.  76). 
Hoth  layers  are  firmly  fixed  to  the  overlying  tissues,  and  only  at  those  places 
where  the  parietal  layer  is  inflected  along  the  vessels  to  the  visceral   layer  is 
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-Diagram  of  a  sagittal  section  of  the  heart  and  pericardium  to 
snow  the  disposition  ok  the  serous  l.wer. 


there  a  certain  looseness  of  the  fixation.  This  looseness  is  specially  noticeable 
at  the  inflection  along  the  aorta  and  pulmonary  artery;  along  the  venae  cavae 
the  union  is  more  close.  The  aorta  and  the  pulmonary  artery  are  enclosed 
together  in  a  complete  sheath,  but  the  veins,  which  are  enclosed  in  a  separate 
sheath,  arc  only  partially  covered;  thus,  the  superior  cava  is  covered  in  front 
and  on  each  side,  the  pulmonary  veins  in  front  and  above  and  below,  and  the 
inferior  vena  cava  in  front  and  at  the  sides.  The  two  sheaths,  arterial  and 
venous,  are  quite  separate,  that  is,  there  are  two  inflections  of  the  parietal  into 
the  serous  layer.  It  is  possible,  therefore,  when  the  pericardial  sac  is  opened 
from  the  front,  to  pass  the  fingers  from  right  to  left  behind  the  aorta  and 
pulmonarv  artcrv  and  in  front  of  the  atria  through  a  passage  which  is  called 
the  transverse  sinus  of  the  pericardium  (fig.  77). 

The  Reflections  of  the  Serous  Pericardium.— The  irregular  and  com|)licated  lines  of 
the  rellcctions  of  tlie  jiarietal  into  the  visceral  i.iyer  of  the  pericardium  are  seen  after  the  vessels 
are  cut  across  and  the  heart  is  removed  (fig.  78).  A  common  sheath,  it  is  shown,  is  carried 
•  rds  roun<l  the  aorta  and  pulmonary  arten,-,  while  a  second  common  sheath,  much  more 
ited  in  its  folding,  is  seen  to  embrace  the  four  pulmonary  veins  and  the  superior  and 
inferior  venjc  cava*.  Between  these  two  sheaths,  the  arterial  and  the  venous,  there  is  the  narrow 
strip  of  the  pe^icar^^ial  wall  which  forms  the  posterior  wall  of  the  transverse  sinus. 
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the  pulmonary  artery,  which  it  also  onc^^J     J^oZp^^^^^^f::::;^ ;:  "l^^'T  V'  '" 
o..  the  right  of  the  aorta  the  recessus  aorticus,  and  thLThtt^Ll  M ^u        U  ^r.  Z 
the  pulmonary  artery  and  1  mited  on  the  left  by  the  ductus  arteriosus,  the  recessus  pulmona    s 
The  venous  sheath  ascends  from  the  inferior  cava]  orifice,  leaving  a  triangular  part  of  .heTrte    '; 
rirn         %\r"      ?  ^'^-  ''V  '°.^^^  ^^^^  J^"^'"°"^'->'  ^'^-"-^  -^ich'are  surround'       ylo 

lo  theTeft  t        H  r-  '°  *n"f  1=    '''^•''"^  °'  ^•''^^■'--^'"'^  ^^^''^  1~  -'--'  transversely 

o  the  left  across  the  postc.mr  wall  of  the  pericardium  to  the  upper  left  pulmonary  vein,  there 

being  from  this  part  an  upward  extension  to  the  superior  cava  and  a  downward  extension  ,o 

Fig.  77. — Semidiagrammatic 
view  of  the  pericardium 
from    behind,   designed 

TO  SHOW  THE  PRINCIPAL 
INFLECTIONS  OF  THE  SER- 
OUS SAC  ROUND  THE  GREAT 

VESSELS.  (Allen  Thom- 
son.)   J. 

The  drawing  is  taken  from 
preparations  in  which  the  heart 
and  vessels  had  been  partially 
filled  by  injection,  the  pericar- 
dium inflated  and  dried  in  the 
distended  state,  and  the  fibrous 
continuation     on     the     vessels 
removed.     By  the  removal  of 
a   portion   of  the   pericardium 
from  behind  the  right  and  left 
cavities  of  the  heart,  the  posi- 
tion   of    that    organ    is    made 
apparent.      A,    right    atrium; 
A',     left     atrium;      F,     right 
ventricle ;     F',    left    ventricle ; 
ylo,  aortic  arch ;  d,  innominate 
artery;  C,  vena  cava  superior; 
az,  azygos  vein;  6",  vena  cava 
inferior;    c",    great    coronary 
vein ;    +  ,  ligamentum  arterio- 
sum ;  P,  right,  /",  left  pulmon- 
ary   artery;  p,    right,  /',    left 
pulmonary   veins ;   £>,    central 
tendon  of  diaphragm ;    1,  sac  of  pericardium;  2,  the  portion  on  the  right  side  which  partially 
surrounds  the  superior  vena  cava,  the  right  pulmonary  veins,  and  the  inferior  vena  cava;  3, 
portion  on  the  left  side  which  partially  surrounds  the  inferior  vena  cava;  4,  portion  which  is 
extended  upwards  behind  the  left  atrium,  and  partially  folds  over  the  pulmonary  arteries  and 
veins,  meeting  between  these  different  vessels  the  extensions  of  the  sac  from  the  right  and  left; 
5,  upper  part  of  the  transverse  sinus  passing  behind  the  aortic  and  pulmonary  arterial  trunks. 
A  bent  probe  is  passed  within  the  pericardium  from  behind  the  right  atrium,  in  front  of  the 
interior  vena  cava,  to  the  back  of  the  left  ventricle,  which  may  indicate  the  place  where  the 
large  undivided  sac  of  the  pericardium  is  folded  round  that  vein. 


the  lower  left  pulmonary  vein  (fig.  78).  On  the  heart  wall  the  attachment  of  the  venous  mesentery 
is  along  a  narrow  strip  vertically  on  the  right  atrium  between  the  venae  cavse  and  transversely 
over  the  posterior  wall  of  the  left  atrium.^  There  are  deep  recesses  of  the  serosa  between  the 
two  left  pulmonary  veins  and  between  the  superior  vena  cava  and  the  upper  right  pulmonary 
vein  and  shallower  recesses  between  the  two  right  pulmonary  veins  and  between  the  lower  right 
pulmonary  vein  and  the  inferior  vena  cava.  The  oblique  sinus  of  the  pericardium  is  the  name 
given  to  the  large  diverticulum,  which  is  included  within  the  line  of  reflection  of  the  venous 
mesentery  ;   it  is  entered  from  below,  when  the  pericardium  is  opened  from  the  front,  by  passing 


^   For  a  discussion  of  the  influence  of  the  fixation  of  the  atria  to  the  pericardium  on  the  action 
of  the  heart,  see  Keith, /our.  Ana/.,  vol.  xxxviii. 
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till-  linKiT!.  uiuKt  iIk-  luiirt  (tm».  "«'  l"  "S"-  ''^  iipiM-r  In.umlary,  the  iransvcrsc  rclkctioii,  lies 
at  Jin-  level  ol  the  riRlit  pulmonary  artery,  hut  it  may  extend  so  far  (  ranialwards  as  to  pass  dorsal 
to  the  transvi  rsi-  simi>  of  tin-  periiardiiim  (t\g.  7(1). 

Tin-  vestigial  fold  of  the  pericardium  (the  fold  of  Marshall)  is  a  narrow,  sharp  semi- 
lunar fold  of  jKricardium,  the  length  and  hoiKht  of  which  are  variable;  it  stretches  from 
the  left  pulmonarv  artery,  close  to  its  romnuncement.  lo  the  anterior  wall  of  the  left  atrium; 
the  romave  UjrtUr  of  the  fold  is  directed  forwards.  It  was  first  recoRnised  l.y  Theile.  but 
Marshall  gave  n  more  accurate  description  of  it  and  pointed  out  that  it  contains  the  rudiments 
of  the  lower  end  of  the  left  superior  vena  cava  ()>.  107).  If  the  fold  is  well  develoiK-d  its  cranial 
end  may  U-  traced  over  the  pulmonary  artery  to  the  posterior  wall  of  the  pericardium  and  its 
lower  end  over  the  anterior  and  upper  walls  of  the  left  atrium  and  then  on  the  dorsal  wall  U-low 
and  medial  to  the  entrance  of  the  left  jiulmonary  veins  until  there  can  \>c  recognised  in  it  the 
oblicjue  vein  ol  .Mar.sh.ijl  (\k  107). 
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Fig.  78.— The  po.sterior  wall  of  the  pericardii'M,  .showing  the  lines  of 
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'\\w  pericardial  cavity  is  the  space  between  the  two  layers  of  the  jH'ricardium.  The  space 
normallv  is  virtual,  that  is,  the  layers  are  in  contact  and  moi.stened  with  a  small  amount  of 
vise  id  lluicl  ;  but  after  death  .some  free  fluid  is  usually  to  be  found  in  it.  The  capacity  of  the 
pericardial  cavity,  as  measured  by  the  amount  of  fluid  which  can  Ite  iniected  into  it,  is  al>out 
4<K)  to  6tM)  c.<:.\  but  greater  amounts  of  fluid  than  this  may  collect  in  conditions  of  chronic 
|H-ricarditis. 

The  arteries  of  the  fibrous  jHTicardium.  which  are  of  small  calibre,  arc  derived  from  the 
neijjhliouring  vessels,  namely,  the  internal  mammary  artery  and  its  pi-ricardiacophrenic  branch, 
and  the  superior  phr*-nic-  and  mediastinal  arteries.  The  primary  vessels  form  a  plexus  in  the 
superficial  layers  of  the  pericardium,  and  from  it  finer  branches  ramify  through  the  substance 
of  the  membrane  and  reach  the  subendotlulial  layers  of  the  serous  membrane  Cp.  23).  The 
primary  plexus  anastomoses  with  the  coronary  circulation  along  the  aorta  and  pulmonary  artery. 
The  veins  closely  accompany  the  arteries ;  the  main  trunks  enter  the  internal  mammary  veins 
in  front  and  the  azygos  systems  behind.  The  nerves,  which  are  slender  twigs,  are  derived 
from  the  phrenic,  vagus,  and  sympathetic  nerves;  a  recent  account  of  them  is  given  by 
Francii.Lon.  Anal.  An:.,  Bd.  Ixi.     The  phrenic  branches  arc  di.stributed  chiefly  on  the  anterior 
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surlarr  aii.l  tlic  sides;  l.ranclRs  from  lli,-  ii-!ii  vagus  descend  along  tin,  suijeiiur  vena  cava, 
and  from  the  (I'sophagcal  cords  of  both  vagi  branches  arc  given  to  (lie  posterior  surface;  while 
the  sympathetic  fibres  arise  from  the  upper  thoracic  ganglia,  the  ])lexuses  on  the  subclavian 
and  phrenic  arteries,  and  the  diaphragmatic  ])lexus. 

The  Development  of  the  Pericardium.  The  early  heart  tube,  as  already  described 
(p.  14),  lies  in  a  relatively  large  cavity,  the  pleuro-pericardial  cavity,  which  is  continuous 
with  the  headward  extensions  of  the  general  body  cavity,  one  on  each  side  (sec  Vol.  I.).  The 
inner  wall  of  the  pleuro-pcricardial  cavity  forms  the  myo-epicardial  mantle  (p.  14) ;  and  this 
is  continued  backwards,  donsal  to  the  heart,  as  the  dorsal  mcsocardium,  which  partially  sub- 
divides the  cavity  into  symmetrical  halves  (fig.  79).  The  pleuro-pcricardial  cavity  is  closed 
at  its  headward  end,  at  the  sides,  dorsally,  and  vcntrally,  but  caudally  there  are  two  openings, 
one  on  each  side,  the  pleuro-peritoneal  passages,  which  lead  into  the  peritoneal  cavity. 
These  passages  are  bounded  on  their  ventro-medial  aspect  by  the  omphalo-me.senteric  (vitelline) 
veins  which,  covered  by  the  splanchnopleure,  pass  cranially  and  dorsally  towards  the  sinus 
venosus.  The  splanchnopleure  covering  these  veins  has  a  lateral  connection  on  each  side 
with  the  somatopleure,  and  in  these  connections,  which  form  the  dorsal  parts  of  the  septum 
I  transversum,  the  ducts  of  Cuvier  pass  transversely  from  the  body  wall  medialwards  to  the  sinus 

venosus.  The  septum  transversum  is  a  mass  of  mesoderm  which  passes  dorsally  from  the  anterior 
edge  of  the  opening  of  the  mid-gut  into  the  yolk-sac,  and  forms  the  caudal  boundary  of  the  peri- 
cardial cavity.  The  caudal  and  ventral  part  of  the  septum  becomes  occupied  by  the  developing 
liver;    the  cranial  and  dorsal  portion  is  connected  with  the  heart,  the  sinus  venosus  lying  in  its 

^        '^^^,,^^_,..  A'eura/  tube. 
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Dorsal  aorta. -l-----ri^ jgj    ■-^'^ V  Gut-tube. 

Duct  of  Cuvi'er.\..\        \%JJ      ^       V' Pleuro-peritoneal  passage. 
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Dorsal  mesocardium. 
Fig.  79. — A  diagram  of  the  pleuro-peritoneal  p.a.ssages. 

dorsal  border.  Its  mesodermic  tissue  is  continuous  through  the  hinder  part  of  the  dorsal  meso- 
cardium with  the  mesoderm  surrounding  the  gut-tube,  and  when  the  lung  bud  leaches  this  level 
its  mesodermic  covering  fuses  with  this  dorsal  extension.  There  is  thus  formed  what  may  be 
termed  the  mediastinal  septum  which  contains  the  gut-tube  and  the  primordia  of  the  lungs. 
Behind  the  dorsal  edge  of  the  septum  transversum,  and  separated  from  one  another  by  the  medi- 
astinal septum,  are  the  pleuro-peritoneal  passages.  These  passages  are  very  much  narrowed 
from  in  front  by  the  ducts  of  Cuvier  as  they  pass  medially  to  the  sinus  venosus  and  now  open  from 
the  dorsal  parts  of  the  caudal  wall  of  the  pleuro-pericardial  cavity  (fig.  79).  As  already  described. 
the  posterior  mesocardium  disappears,  so  that  the  heart  tube  now  stretches  across  a  single  cavit>-, 
from  behind  where  the  sinus  venosus  embedded  in  the  septum  transversum  enters  the  cavity, 
to  in  front  where  the  bulbus  cordis  pierces  its  cranial  wall  (fig.  80).  The  thin  ventral  wall  of  the 
pericardium,  formed  of  mesoderm  covered  with  ectoderm,  reaches  caudally  to  the  septum 
transversum . 

It  has  already  been  explained  that  in  the  further  development  of  the  heart,  and  associated 
with  its  caudal  displacement,  the  sinus  venosus  separates  itself  from  the  septum  transversum  and, 
with  its  horns,  shifts  from  the  caudal  end  of  the  heart  tube  to  the  dorsal  surface  of  the  atrium ; 
and  that  with  this  change  the  two  horns  of  the  sinus  which  originally  formed  with  the  transverse 
part  an'arc  convex  cranially  now  run  from  before  backwards  and  form  an  arc  convex  caudally 
(p.  17  and  fig.  12).  This  change  in  the  position  of  the  sinus  horns,  and  of  the  ducts  of  Cuvier 
opening  into  them,  alters  the  position  of  the  dorsal  edge  of  the  septum  transversum,  carrying 
it  in  a  cranial  direction  so  that  the  septum  now  forms  a  considerable  part  of  the  dorsal  wall  of 
the  pericardium,  as  well  as  its  caudal  wall,  and  the  pleuro-peritoneal  passages  open  from  the 
front  part  of  the  cavity ;  and,  further,  the  dorsal  edge  of  the  septum  forms  the  ventral  and  lateral 
boundaries  of  the  passages  (fig.  81).  The  ducts  of  Cuvier,  at  this  time,  are  becoming  more 
and  more  raised,  in  a  medial  direction,  from  the  body  wall,  and  as  development  proceeds 
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iippartntly  approach  nearer  iitui  nearer  to  one  nnotluT  on  the  dorsal  aspect  of  the  heart ;  thr 
active-growth  process,  as  Rraciikt  has  pointed  out,  is  an  increase  in  the  transverse  diameter 
of  the  |>ericardial  cavity,  and  the  result  is  that  the  ducts,  which  remain  in  their  original  position, 
now  lie  in  the  free  edpes  of  two  folds,  the  pleuro-pericardial  folds.     The  ori(;inal  simple  pleuro- 

pericardial  cavity  is  thus  divided   intf) 

an    anterior    pericardial    part   and   two 

...-•■  dorsal  pleural  parts,  the  latter  of  which 

.-■■*  arc  |)artially  separated  from  one  another 

_. l.y  the  forcfjut  and  the  lunji  rudiment. 

Fore  g-uf    ^  j^^  ^y^^  following  stages  of  development 

yj ^m^ — n^^-  *'"■  '^''*-'^  edges  of  the  pleuro-pericardial 

/  ^^5"- -  ^f^^\  folds   containing    the    ducts    of  Cuvier 

fuse    with    the    dorsal     surface    of    the 

atrium,    so    that   the  pericardial   cavity 

is  closed  dorsally  (fig.  82) ;    the  fusion 

occurs  to  a  much  greater  extent  on  the 

left  than  on  the  right   side,   for  on  the 

Fig.  8().     A  i>i.\(.ram  ok  a  lonoitudi.nai.  skc  tion      right   side  there  occurs  the  absorption 

OF  THE  early  HEART  AND  PERICARDIUM.     The      of  the  sinus  into  the  right  atrium,  as 

arrow  is  in  one  of  the  pleuroperitoncal  pa.ssages.        already  described.     This  fusion  having 

taken    place    the   original    rather   wide 

passage  across  the  pericardium  lietwcen 

_...••■■'  the  bulbus  cordis  in  front  and  the  sinus 

..-•■■  behind   is   very    much    narrowed ;  it   is 

, now  the  definitive  transverse  sinus  of  the 

/',-----f''""*^  g""*  pericardium. 

The    free    edge    of    the    pleuroperi- 

^^^^  cardial    fold   now   also    fuses   with    the 

'  '    .  ■  ((      '^^^^^^^^^  mesoblastic  covering  of  the  root  of  the 

\^>^^,  expanding   lung   rudiment,    the    fusion 

j)  ^':        .▼^  first  occurring  at  the  caudal  end  where 

the  septum  transvcrsum  is  already  fused 

with  it;    the  pericardial  and  the  pleural 

■ '  cavities  are  thus  completely  separated. 

Fig.  81.— a  diagram  of  a  longitl'Dinai,  section  The  pleural  cavities  at  this  stage  lie 
OF  THE  early  HEART  AND  PERICARDIUM  AT  A  entirely  on  the  dorsal  side  of  the 
L.\TER  STAGE  THAN  FiG.  80.  The  arrow  is  pericardial  cavity  (fig.  82),  but  with 
directed  into  the  plcuro-peritoneal  pa.ssage.  the  growth  of  the  lungs  they  gradually 

extend  forwards,  on  the  lateral  sides  ot 
the  phrenic  nerves,  burrowing  into  the  anterior  body  wall,  and  splitting  it  into  two  layers, 
of  which  the  deeper  Ijccomes  the  fibrous  pericardium  and  its  serous  lining  (fig.  83). 

The  lines  of  reflection  of  the  parietal  into  the  visceral  layer  of  the  serous  pericardium  are 
most  easily  understood  by  a  reference  to  the  changes  which  occur  during  the  development  of 
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Fig.  82.— a  diagram  to  show  the  forma- 
tion  OK   THE   PLEl'RO-PERICARDIAI.   FOLDS. 


Fig.  83.— a  diagram  to  show  the  develop- 
ment OK  THK  PLKIRAL  CAVITIES. 


the  heart.  In  the  earliest  stages  (fig.  84,  A)  the  parietal  layer  of  the  pleuro-pericardial  cavity 
is  continued  into  the  myo-epicardium  {a)  round  the  sinus  veno.sus  (S.V.)  and  (A)  round  the 
bulbus  cordis  (B) ;  and  these  structures  are  separated  by  a  wide  interval,  the  transverse  sinus  of 
the  pericardium.     In  the  succeeding  stage  (fig.  B.)  the  pulmonary  vein  (P.V.)  enters  the   left 
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iitriuui  tlirough  tlic  ilorsal  mesocardiuiii,  ,ind  th<!  opening  of  the  ^iniis  is  sliiftcd  to  llic  ri^lil. 
Later,  as  was  previously  described,  the  stem  of  the  puhnonary  vein  is  absorbed  into  the  left  atrium 
and  the  sinus  venosus  into  the  right  atrium,  so  that  there  are  distinct  openings  of  right  and 
left  pulmonary  veins  and  of  superior  and  inferior  venae  cavae;  and  the  line  of  the  pericardial 
reflection  is  carried  round  these  openings  and  the  posterior  mesocardium  is  greatly  broadened 
(fig.  C).  At  the  same  time  the  bulbus  divides  into  the  pulmonary  artery  and  the  aorta.  The 
transverse  sinus  of  the  pericardium  is  greatly  narrowed.  The  adult  condition  (fig.  D)  is  reached 
by  the  further  absorption  of  the  stems  of  the  pulmonary  veins  into  the  left  atrium  until  there 
are  two  openings  on  each  side,  those  of  the  right  side  being  projected  to  the  right  beyond  the 
line  between  the  superior  and  inferior  cavse ;  and  between  the  openings  of  each  side  there  is 
a  narrow  strip  of  reflection  which  forms  the  upper  boundary  of  the  oblique  sinus  of  the  pericardium. 
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Fig.  84.— Diagrams  of  the  dorsal  wall  of  the  pericardium  to  show  the  changes 

DURING    THE    DEVELOPMENT    OF    THE    HEART    IN    THE    LINES    OF    REFLECTION    OF    THE 
SEROUS    PERICARDIUM. 


The  reflection  is  then  carried  upwards  on  the  pulmonary  artery  to  its  bifurcation  and  on  the 
aorta  to  the  level  of  the  origin  of  the  innominate  trunk. 

Defects  of  the  Pericardium.— A  considerable  number  of  cases  of  congenital  deficiency 
of  the  left  side  of  the  pericardium  have  now  been  recorded;  Perna  {Afiat.  Am.,  Bd.  xxxv.) 
and  Plaut  {Frankfurt  Zeitschr.f.  Path.,  Bd.  xii.)  have  collected  and  summarised  the  literature, 
and  recent  cases  are  described  by  Keith  {Jour.  Anat.,  vol.  xli.),  Chase  {ihid.,  vol.  1.),  and 
M 'Garry  {Anat.  Record,  vol.  viii.).  The  defects  are  in  the  lateral  wall  of  the  fibious  pericardium 
and  its  serous  lining  behind  the  phrenic  nerve  and  in  front  of  the  root  of  the  lung ;  all  the  recorded 
cases  have  been  on  the  left  side.  The  openings  in  the  pericardium  have  been  of  various  sizes, 
sometimes  as  small  as  ^  in.  in  diameter,  but  sometimes  so  large  that  the  whole  lateral  wall  is 
defective  and  the  left  lung  and  the  heart  lie  in  a  common  serous  cavity;  the  visceral  pericardium 
is  then  in  contact  with  the  visceral  pleura  and  frequently  there  are  adhesions  between  them. 
The  condition  represents  a  persistence  and  enlargement  of  the  pleuro-pericardial  foramen, 
possibly  due  to  an  early  atrophy  of  the  left  duct  of  Cuvier  (Perna).  It  is  commonly  associated 
with  other  developmental  defects. 
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primum.  35,  38 
secundum,  .35,  38 
Foramina  of  Lannelongue,  35,  36 

of  Thebesius.  35,  108.  100 
Form  of  systolic  heart.  63 
Fossa  ovalis.  34,  35 
Functional  index  of  heart.  124 


G.ANfJLlA  of  heart,  111.  113 
Genetic  system  of  heart.  78 
Gubernaculum  cordis.  7 


H^MATOMAT.\  of  valves,  44 
Heart  ratio,  120 

His,  bundle  of.     See  Atrio-vcntricular  Bundle 
Hofer.  nerve  of.  112 


Inxislra  apicis  cordis.  22 
Infrapericardial  bursa.  1.30 
sinus.  130 
Infundibulum,  23.  50 
Interatrial  foramen,  .*)6.  6(t.  I2S 

groove.  24.  65 
Interior  of  heart,  26 
Intermediate  plexus,  114 
InterA-enous  tul)ercle,  .30 
Interventricular  foramina,  .56,  60.  128 

grooves,  22 

muscle.  75 
Isthmus  of  Vieu.s.sens,  II.  1.3 


Keith,  node  of,  88 
Koch,  triangle  of,  80 

Lannelongue,  foramina  of,  .35,  36 
Left  surface  of  heart,  22 
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Lepidosiren,  heart  of,  6 
Ligaments,  pericardial.  l.SO.  i;5I 
Limbic  bands,  40,  72 
Limbus  fossae  ovalis,  34,  35.  (55,  72 

marginalis,  5o 
Lower,  fasciculus  of,  72 

tubercle  of,  30,  66 
Ludwig,  ganglion  of,  113 
Lunulas  47,  48 
Lymph  glands,  3,  110 

vessels,  3,  110 


NLA.CULA  tendinea  septi.-54,  87 
Mammals,  heart  of,  11 
Margo  acutus,  22,  23,  118 
obtusus.  22.  23.  118 
Marshall,  fold  of,  107,  134 

vein  of.  12,  37,  107 
Mediastinal  septum.  135 
Membrana  reuniens,  15 
Mesocardium.  15 
Mitral  orifice,  56.  68.  119 

valve,  37,  56,  68,  119,  123 
Moderator  band,  9,  53,  65 
Muscle,  interventricular.  75 
subaortic,  56 
ventricular,  5,  72 
Musculature  of  heart,  67 
Musculi  pectinati,  30,  65,  71 
Myocardium.  14,  20,  66 

development  of.  58 
nerves  of,  115 
Myo-epicardial  mantle,  14,  58 


Nerves  of  heart,  111 

Node  of  Keith,  88,  95 

sino-atrial,  78,  79,  88,  95 
of  Tawara,  34,  80,  84,  95 

Noduli  Albini,  44,  60 
Arantii,  47 


Os  cordis,  70 
Ostium  arteriosum,  42 
venosum,  20,  42 


Pacemaker  of  heart.  78 

Papillary  muscles,  13,  42,  43 

of  left  ventricle,  57 
of  right  ventricle,  54 

Pars  membranacea  septi,  51,  55,  60,  67 

Pericardial  cavity,  14,  129,  134 

Pericardium,  116,  129 

defects  of,  137 
development  of,  135 
fibrous,  129 
ligaments  of,  130,  131 
oblique  sinus  of,  137 
serous,  129,  132,  136 
transverse  sinus  of,  132 
vestigial  fold  of,  134 


Pcrivalvular  space,  43.  65 
Phrenico-pericardial  ligaments,  I3<».  131 
Plcuro-pcricardial  cavity,  13,  135 

fold.s',  13(i 
Pleuro-peritoncal  passages,  135 
Plexus,  atrial,  113,  114,  115 
bulbar,  114 
cardiac,  112 
coronary,  113,  1 15 
intermediate,  114 
Plica  infundibularis,  26 

semilunaris,  26 
Portal  circulation,  3 
Position  of  heart,  21 ,  116 
Pregnancy,  heart  in,  125 
Pulmonary  artery,  1,  62 
circulation,  1 
orifice,  54,  123 
stenosis,  127 
valve,  42.  47,  54 
veins,  1,  35,  66,  126 

development  of,  41 
orifices  of,  35,  65,  71 
Purkinje  fibres,  85 

of  atrium,  91 


Ratio  of  heart,  120 
Recessus  aorticus,  133 

pulmonalis,  133 
Remak,  ganglion  of,  113 
Reptilia,  heart  of,  7 
Right  border  of  heart,  24,  116 


Salamander,  atrial  septum  of,  6 
Septum,  atrio-ventricular,  55,  61,  68 
bulbar,  61 
inferius,  60 

membranaceum,  67,  68 
primum,  7,  37 
secundum,  35,  38 
spurium,  7,  30,  39 
superius,  37 
transversum,  135 
ventricular,  19,  42,  55 
Serous  pericardium,  136 
Sino-atrial  node,  78,  79,  88,  95 
exposure  of,  91 
ganglia  of,  114 
structure  of,  89 
Sinus  infra-pericardial,  130 
septum,  40 
valves,  5,  17,  37 

of  birds,  10 
of  marsupials,  12 
of  monotremes,  11 
of  reptiles,  8 
venarum,  24,  29,  66 
venosus,  4,  16,  37,  126,  135 

abnormalities  of,  126 
horns  of,  16,  17,  37 
of  fi.shes ,  4 
of  reptiles,  7 


152 


I N  PK  X 


ol  Valsalva.  47.  48.  4ft.  152 
Skeleton  ol  heart.  ^7 

strurtiirf  o(,  <5ft 
S|w(ium  inliTscptovalvuIari-.  II,  12.  I.{,  '.i2,  40 

intervalvularo,  47 
SphinrJrrs  of  heart,  4,  92 
Spina  vestihuli,  37 
Stemo-rostal  .surface,  21 
Stcrno-pericardial  lifjamonts.  \M> 
Stnuture  of  heart,  6fi 
Suliaortic  mu.srlc,  ^^(^ 
SuU-pieartlial  fat,  25,  2(i 
Suh-Eustachian  sinu.s,  24,  34.  ()6 
Sulcus  terminalis,  24.  29,  6.") 
Surface  markings  of  heart,  110 
Surfaces  of  heart,  21 
System,  connecting,  78 
Svstolic  heart,  form  of.  63 


T.tNl.v  sagittalis,  30 
terminalis,  66 

sinistra,  71,  72 
Tawara,  node  of,  34,  80,  84,  95 
Tendon, conus,  68 

of  Todaro,  33,  68 
Thebcsius,  foramina  of,  35 
valve  of.  13.  33 
veins  of,  105,  1(»!) 
Todaro,  tendon  of,  33,  68 
Torus  aorticus,  35 

Loweri.  30.  32.  66 
TraWcula  scpto-marginalis,  9,  53,  65 
Tral>eculce  carnea?,  42.  .15.  .58 

tendineae,  47,  55 
Transposition  of  heart,  25 

of  arterial  stems.  117 
Transverse  sinus  of  pericardium,  136 
Tricuspid  valve,  34,  .53,  119,  123 
Trigonum  tihrosum.  68.  69 
Truncus  arteriosus,  5,  16,  61 
Tubercle  of  Lower,  30,  32,  66 


VaI-SAI.VA.  sinuses  of.  47 

48. 49. 

62 

Valves,  arterial.  47 

l.ull.ar,  6 

of  foramen  ovale. 

36.  .39 

mitral,  119 

tricuspid,  34.  53. 

119,  12:1 

of  Vieussens,  105 

Vena  cava,  inferior.  2 

orific 

L-  of,  32, 

66,  71 

superior,  1 ,  32 

,  66 

left. 

107 

Vein  of  swim  Ijladdcr.  6 

of  Marshall,  12,  37, 

1(»7 

of  Thebesius,  105 

Veins  of  heart,  105 

vitelline,  135 

Venous  valves,  5,  17.  37. 

{'.t 

rudiments 

of.  32 

Ventricle,  left,  22,  54,  64, 

118 

right,  22,23,50,65,  118 

Ventricles,  4,  22,  42 

arteries  of,  lU: 

development  of,  57 

dimensions  of. 

124 

musculature  o 

,74 

in  systole.  64 

Ventricular  loop,  16.  19 

muscle,  5,  58 

dissection  of. 

77 

of  fishes,  5 
septum,  19,  42,  55 

abnormalities  of,  128 
development  of,  60 
of  reptiles,  8 

Vertebro-pericardial  ligaments.  131 

Vieussens,  annulus  of,  34,  35,  40 
valve  of,  56,  105 

Vitelline  veins,  135 

Volume  of  heart,  122 

Vortex  of  heart.  75 

Weicmt  of  heart,  119 
Wenckebach,  bundle  of,  79,  88 
Wrisburg,  ganglion  of.  111 
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